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Abstract
We consider a distributed system of n identical mobile robots operating in the two dimensional
Euclidian plane. As in the previous studies, we consider the robots to be anonymous, oblivious,
dis-oriented, and without any communication capabilities, operating based on the Look-Compute-
Move model where the next location of a robot depends only on its view of the current configuration.
Even in this seemingly weak model, most formation problems which require constructing specific
configurations, can be solved quite easily when the robots are fully synchronized with each other.
In this paper we introduce and study a new class of problems which, unlike the formation problems
so far, cannot always be solved even in the fully synchronous model with atomic and rigid moves.
This class of problems requires the robots to permute their locations in the plane. In particular,
we are interested in implementing two special types of permutations – permutations without any
fixed points and permutations of order n. The former (called Move-All) requires each robot to
visit at least two of the initial locations, while the latter (called Visit-All) requires every robot
to visit each of the initial locations in a periodic manner. We provide a characterization of the
solvability of these problems, showing the main challenges in solving this class of problems for mobile
robots. We also provide algorithms for the feasible cases, in particular distinguishing between one-
step algorithms (where each configuration must be a permutation of the original configuration) and
multi-step algorithms (which allow intermediate configurations). These results open a new research
direction in mobile distributed robotics which has not been investigated before.
1 Introduction
The investigation of the computational and complexity issues arising in distributed systems of au-
tonomous mobile robots is an important research topic in distributed computing. This has several
applications, teams of robots could be sent to regions inaccessible to humans to perform a variety of
tasks such as exploration and data-collection, monitoring, sensing or patrolling. Once deployed, the
team of robots must coordinate with each other and perform the tasks autonomously without human
intervention; this has motivated the design of distributed algorithms for coordination among the robots
to enable them to perform the required tasks.
As a theoretical abstraction, the robots are usually viewed as computational entities modelled as
points in a metric space, typically R2, in which they can move. The robots, identical and outwardly
indistinguishable, have the same capabilities and execute the same (deterministic) algorithm. They can
see each other, but cannot explicitly communicate with one another. This lack of direct communication
capabilities means that the only means of interaction between robots are observations and movements:
that is, communication is stigmergic. Each robot operates in “Look-Compute-Move” (LCM) cycles:
during a cycle, it observes its surroundings, computes a destination point, and moves to it. Typically,
the robots are assumed to have constant-size persistent memory or, more commonly, to be oblivious
having no persistent memory: This paper assumes the latter model where robots in each cycle act only
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based on the current observation and have no memory of their activities from previous cycles. Further
the robots do not have any means of orienting themselves; Each robot observes the location of other
robots relative to its own position in the plane and the robots do not share any common coordinate
system. If the robots agree on a common notion of clockwise direction, then we say the system has
chirality.
Some typical problems that have been studied in this model include: gathering of robots (e.g., [8,9]),
uniform dispersal, filling a region with robots, flocking, etc. (for a review, see [12]). A generalization
of some of these problems is that of pattern formation, where the n robots need to move from any
initial configuration to a predefined pattern of n points in the plane. This class has been extensively
studied (e.g., [1,2,6,13,16,18–21]). A major issue in such formation problems is the amount of symmetry
(quantified by the notion of symmetricity [19]) in the starting configuration of robots and in the points
of the pattern. In the arbitrary pattern formation problem, the points where the pattern is formed are
relative, i.e. subject to rotation, translation and scaling of the input pattern. A different line of research
is when the points of the pattern are fixed, a setting called embedded pattern and studied in [3, 15].
In some applications, forming a pattern may be the first step of a more complex task requiring
coordination between robots. Consider, for example, robots that contain instrumentation for monitoring
a site once there, as well as sensors for measurement (e.g., detecting traces of oil or precious metals,
radioactivity, etc). If each robot has different sensors, the same site might need to be visited by all
robots, and this must be done while still keeping all the sites monitored. A more relaxed version of
this task is where each site must be visited by (at least) two robots. This task may be useful even in
situations where all the robots contain the same sensors, e.g., if there are faulty sensors and we want to
replicate the measurements.
These tasks are instances of a new class of problems quite different from the formation problems as
the robots need to rotate among the given points of interests, forming permutations of a given pattern of
points. We assume that each robot is initially occupying a point of interest (thus marking that location)
and the objective is to permute the robots among these locations periodically. The question is which
permutations can be implemented starting from which patterns. We show a big difference between these
classes of permutation problems compared to the formation problems studied previously. In particular,
we show that even in the fully synchronous (FSYNC) model, some of the permutation problems are not
solvable, even when starting from configurations that admit a leader. In contrast, any formation problem
(including gathering) is easily solvable in FSYNC when the starting configuration admits a leader.
Note that the permutation problems considered in this paper are perpetual tasks requiring continuous
visits to the sites by the robots. Unlike the multiple pattern formation problem where robots continuously
move from a pattern to the next [6], here the robots perpetually move but only exchanging locations
in the same pattern. In particular, we focus on two interesting types of permutations — permutations
without fixed points, and permutations of order n (i.e. n-cycles). These give rise to two specific problems
(i) Move-All: every site must be visited by at least two robots and every robot has to visit at least
two points, and, (ii) Visit-All: every robot must visit each of the points of interest. We provide a
characterization of the solvability of these problems showing which patterns make it feasible to solve
these problems and under what conditions. To the best of our knowledge, this is the first investigation
on these class of problems.
Our Contributions
We distinguish between 1-step and multi-step algorithms; In the former case, we must form the permu-
tations without passing through intermediate configurations, while in the latter case, a fixed number of
intermediate configurations are allowed (see definitions in Section 2). We study 1-step and 2-step algo-
rithms for Visit-All and Move-All, distinguishing the case when the robots share a common chirality
from the case when they do not. We identify a special class of configurations denoted by C, that are
rotationally symmetric with exactly one robot in the center of symmetry. Such configurations do not
always allow permutations without fixed points, thus making it difficult to solve the above problems.
We show that when there is chirality, the sets of initial configurations from which Visit-All and
Move-All can be solved, using 1-step algorithms, are the same: that is, all configurations except
those in C (Section 3). We then show that the characterization remains the same when we consider
2-step algorithms. Moreover, in the case of Visit-All, the solvability does not change even for k-step
algorithms for any constant k.
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On the other hand, when there is no chirality, we observe a difference between the solvability of Visit-
All and Move-All. Configurations in C are clearly still non feasible for both problems. However, for
the Move-All problem the class of unsolvable configurations also includes the ones where there exists a
symmetry axis with a unique robot on it. On the other hand, the set of initial configurations from which
Visit-All is solvable is different: the problem can be solved if and only if in the initial configuration
there are no axes of symmetry or if there is a unique symmetry axis that does not contain any robots.
Interestingly, also in this case, allowing 2-step algorithms does not change the set of solvable instances.
We then show that, when there is chirality and the coordinate systems of robots are visible (that
is, a robot can sense the local coordinate system of the others), then Visit-All (and thus Move-All)
is solvable from arbitrary initial configurations, and we provide a universal algorithm for solving the
problems. Finally, we show that allowing a single bit of persistent memory per robot and assuming
chirality, it is possible to solve the problems for all initial configurations (Section 6).
2 Model, Definitions and Preliminaries
Robots and scheduler. We consider a set of dimensionless computational entities: the robots. These
robots are modelled as points in the metric space R2; they are able to sense the environment detecting
the presence of other robots, they can perform computations, and are able to move to any other point
in the space. Each robot has its own local coordinate system centred in its own position (which may
differ in orientation and unit distance from the coordinate system of other robots). For simplicity of
description, we will use a global coordinate system S for analyzing the moves of the robots (robots
themselves are unaware of this global system). Robots are oblivious: they do not have any persistent
memory and thus, they cannot recall any information from previous computations. We indicate the set
of robots with R : {r0, r1, . . . , rn−1}, however the robots themselves are not aware of the numbering
assigned to them. All robots are identical and follow the same algorithm. We assume the so-called
Fully-Synchronous Scheduler (FSYNC). Under this scheduler, time can be seen as divided in discrete
fixed length slots called rounds. In each round, each robot synchronously performs a Look-Compute-Move
cycle [12]. During the Look phase, a robot r takes an instantaneous snapshot of the environment, the
snapshot is an entire map of the plane containing positions of all the other robots with respect to the
local coordinate system of r. During the Compute phase, robot r performs some local computation to
decide its new destination point as a function of the aforementioned snapshot as input. Finally, in the
Move phase, the robot moves to the computed destination point (which may be the same as current
location).
Chirality. Robots may or may not share the same handedness: in the former case, they all agree on the
clockwise direction and we say the system has chirality [12], in the latter case, robots do not have such
an agreement and we say there is no chirality.
Configurations. A configuration C is an ordered tuple of points C = (p0, p1, . . . , pn−1), where pi = C[i]
is the position of robot ri in terms of the global coordinate system S. We denote by Z = (Z0, Z1, . . . Zn−1)
the ordered tuple of coordinate systems where Zi is the system used by robot ri. Given a robot ri located
at pi, we denote with C \ {ri} (or sometimes C \ {pi}), the configuration obtained by removing robot ri
from C. We indicate with C0 the initial configuration in which the robots start. We denote by SEC(C)
the smallest circle that encloses all points in the configuration C.
Symmetricity. Given any configuration C with robots having coordinate systems Z, the symmetricity
σ(C,Z) = m is the largest integer m such that the robots can be partitioned into classes of size at
most m where robots in the same class have the same view (snapshot) in C (See [19,20]). Alternatively,
we can define the symmetricity (irrespective of Z) of a configuration as ρ(C) = m where m is largest
integer such that ∃Z : σ(C,Z) = m. For any configuration C, we have ρ(C) ≥ 1, the configurations
with ρ(C) = 1 are considered to be asymmetric (these are the only configurations that allow to elect a
leader among robots). For symmetric configurations with ρ(C) > 1, C may have rotational symmetry
with respect to the center c of SEC(C), which coincides with the centroid of C in this case, or C may
have mirror symmetry with respect to a line, called the axis of symmetry. See Figure 1 for an example
of symmetry classes.
We define a special class of configurations denoted by C. A configuration C is in C, if and only if
ρ(C) = 1, and there exists a unique robot rc (the central robot) located at the center of SEC(C) such
that ρ(C \ {rc}) = k > 1; In other words, C has a rotational symmetry around rc such that C can be
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Figure 1: Configuration C ∈ C, each symmetry class is coloured in a different way. Notice that the
central robot rc is the only one with an unique view (recall that the central robot is the green one, the
robot positioned on the centroid of C). If removed we get a configuration C \ {rc}, with ρ(C \ {rc}) = 4,
notice also that the yellow class has cardinality 8.
rotated around centre rc by an angle θ =
pi
k to obtain a permutation of C. Figure 3 is an example of a
configuration in C).
Permutations and runs. For a permutation pi = (pi(0), pi(1), . . . , pi(n − 1)) of (0, 1, . . . , n − 1), define
pi(C) = (ppi(0), ppi(1), . . . , ppi(n−1)). We denote: (1) the set of permutations with no fixed points as
Π2 = {pi : pi(i) 6= i, ∀i : 0 ≤ i ≤ n − 1} and (2) the set of cyclic permutations of order n as Πn = {pi :
pij(i) = i <=> nk = j for some k ∈ N} where pij indicates that we apply permutation pi j times. Let
Π(C) be the set of all permutations of C.
Given an algorithm A and an initial configuration C0 we denote any execution of algorithm A, starting
with configuration C0 as the run RA,C0 : (C0, C1, C2, . . .), the infinite ordered sequence of configurations,
where Cj is produced during round j of the execution.
Problem Definitions
We will study the following two problems:
• Move-All: An algorithm A is a 1-step solution algorithm for the Move-All problem, if every
possible run of the algorithm RA,C0 : (C0, C1, C2, . . .) is such that: Ci = pii(C0) for some pi ∈ Π2.
Intuitively, every configuration is a permutation of C0 and in any two consecutive configurations,
the position of each robot is different. As an extension for any k ∈ N+, a k-step solution requires
that Ci·k = pii(C0) where pi ∈ Π2. (There is no constraint on the intermediate configurations Cj
where k does not divide j.)
• Visit-All: An algorithm A is a 1-step solution algorithm for the Visit-All problem, if every
possible run of the algorithm RA,C0 : (C0, C1, C2, . . .) is such that: Ci = pii(C0) for some pi ∈ Πn.
Intuitively, every configuration is a permutation of C0 and in every n consecutive configurations,
every robot visit every location pi ∈ C0. We can similarly define a k-step solution for the problem
where Ci·k = pii(C0) for some pi ∈ Πn.
Since Πn ⊂ Π2, it follows that any solution for Visit-All is also a solution to the Move-All problem.
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Oblivious Permutations
Note that k-step solutions of Move-All and Visit-All specify that we must have a permutation of
the initial configuration C0 every k rounds. However, no constraint is given on the other intermediate
configurations. Interestingly, when robots are oblivious the previous definitions imply a stronger version
of the problem in which each configuration Cj+k has to be the permutation of configuration Cj that
appeared k rounds ago.
Lemma 1. Let A be a k-step algorithm solving Move-All (or Visit-All), and let RA,C0 : (C0, C1, C2, . . .)
be any run of A starting from C0. For each j ∈ N we have that Cj+k = pi(Cj) for some pi ∈ Π(Cj).
Proof. We prove the lemma for Move-All, the extension to Visit-All is analogous and immediate.
If j = t · k for some t ∈ N then the lemma follows from the problem definition. Thus let us consider
a configuration Cj such that j 6= t · k for all t ∈ N. We observe that RA,Cj (that is a run of A
starting from Cj) is equal to the suffix of RA,C0 starting from Cj . This is due to the obliviousness of
the robot, the fact that the algorithm is deterministic and the synchronous scheduler: starting from a
certain configuration and an assignment of local coordinate systems, the algorithm will generate a fixed
sequence of configurations. However in RA,Cj we must have that Cj+k = pi(Cj) for some pi ∈ Π2(Cj),
otherwise A is not a correct algorithm for Move-All.
3 Oblivious Robots with Chirality
In this section we consider robots having chirality (i.e., they agree on the same clockwise orientation).
3.1 1-Step Algorithms
We first consider 1-step algorithms, and show that Move-All and Visit-All are solvable if the initial
configuration C0 is not in C.
Intuition behind the solution algorithms. The underlining idea of our solution algorithms is to
first make robots agree on a cyclic ordering of the robots, and then permute their positions according to
this ordering. This algorithm is shown in Algorithm 1 and the ordering procedure is shown in Algorithm
2. When the centroid c of configuration C0 does not contain any robot, we compute a cyclic ordering
on the robots by taking the half-line passing through c and one of the robots closest to c and rotating
it w.r.t. point c; the robots are listed in the order the line hits them. We can show that the ordering
computed by any robot is a rotation of that computed by another robot (See Figure 2 for example). The
only issue is when there is a robot positioned in the centroid. In this case, the robots compute a unique
total order on the robots; this is always possible since C0 /∈ C, which implies that C0 is asymmetric and
admits a total ordering.
From the above observations, It is immediate that the algorithm solves Visit-All, take a robot r,
w.l.o.g. in position pi, during n activations, the robot moves through all the robot positions in the
computed cyclic order, returning back to pi; thus, it has visited every point in C0.
Algorithm 1 Visit-All Algorithm using a cyclic order.
1: Compute a cyclic order (p0, p1, . . . , pn−1) on C using Order(C).
2: If my position is pi, set destination as p(i+1) mod n.
Theorem 1. In systems with chirality, there exists a 1-step algorithm that solves Visit-All from any
initial configuration C0 6∈ C.
Proof. The proof is constructive; in fact, we show a 1-step algorithm that solves Visit-All. Each robot
obtains a cyclic order by executing Algorithm 2. To prove that Visit-All can be solved, it is sufficient
to show that the cyclic orders are the same for all robots.
The order is decided by Procedure Order. We distinguish two cases, when the centroid c of C0 is
not in C0, and when it is in C0.
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Algorithm 2 Order algorithm with Chirality.
1: procedure Insert(list, Configuration C) . if this procedure is called then ρ(C0) = 1.
2: Let order be a total order of robots in C with the centroid c as last element, and let p the position that precedes c
in order.
3: insert c in list after position p
4: return list
5: procedure Polar(position p, reference r, Configuration C)
6: Polar takes two points p, r, and a configuration C.
7: Polar returns the polar coordinates (d, θ) of p in a coordinate system that is centered in the centroid of C and has
as reference direction the segment between the centroid and point r.
8: return (d, θ)
9: procedure Next(position r, Configuration C)
10: if ∃p ∈ C such that (d′, 0) =Polar(p,r,C) with d′ > ||r|| then
11: return p
12: else
13: Let p ∈ C be such that (d, θ) =Polar(p,r,C) has the minimum θ > 0 and the minimum d among all the polar
coordinates of robots in C.
14: return p
15: procedure Order(Configuration C)
16: c=centroid of C
17: list=EmptyList()
18: r1=pick one robot position in C with minimum non zero distance from c.
19: list.Append(r1)
20: A = C \ {r1, c}
21: while A 6= ∅ do
22: r2=Next(list.LastElement(),C)
23: list.Append(r2)
24: A = A \ {r2}
25: if c ∈ C then
26: list=InsertCentroid(list,C)
27: return list
• Case of c 6∈ C0: Let us consider by contradiction that for two different robots, w.l.o.g. r1, r2, there
are two different cyclic orderings. Let L1 be the list given by Order of robot r1 and let L2 be the
list given by Order of robot r2. Being L1 and L2 different, then there exist two indices j1, j2 such
that L1[(j1) mod n] = L2[(j2) mod n] and L1[(j1 + 1) mod n] 6= L2[(j2 + 1) mod n]. However,
this implies that ∃pj ∈ C0, such that Next(pj , C0) gives two different results according to the
coordinate system of the callee, that is impossible: the centroid is the same for each one of them,
moreover robots agree on the same handedness therefore the angles grows counterclockwise for all
of them.
• Case of c ∈ C0: First of all, note that the argument of the previous case implies that the list
obtained before executing Line 26 of Algorithm 2 represents a common cyclic order on C0 \ {c}
shared by all robots. It remains to show that, when executing Line 26, all robots insert the centroid
c before the same position p in list. We have by assumption that C0 6∈ C, thus if c ∈ C0 then
there exists a total order on which all robots agree: by definition we either have ρ(C0 \ {c}) = 1
(and the total order is trivially enforced) or that there is an unique symmetry axis of C; in the
latter case the presence of chirality ensures such total order. It is easy to see that from this total
order we can obtain a total order on which c is the last element, and on which all robots agree, let
it be order. Therefore, being order common to all robots, it is immediate that everyone inserts c
before the same position p when executing Line 26.
We now show that, when C0 ∈ C Move-All (and thus Visit-All) is unsolvable:
Theorem 2. If C0 ∈ C there exists no 1-step algorithm that solves Move-All, even when the robots
have chirality.
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(a) An example of cyclic order induced by the Or-
der algorithm.
(b) Another example of cyclic order in-
duced by the Order algorithm.
Figure 2: Order algorithm: Examples of cyclic order computed by Algorithm 1.
Proof. In any configuration in C, the adversary can assign coordinate systems in such a way that each
robot, except the central robot rc, has at least one analogous with a symmetric view. This derives
directly from the definition of C. It is immediate to see that it is impossible to elect a unique robot to
move to the center of C0, taking the position of rc. An example is given in Figure 3, where if one robot
moves to the centroid of C0, then every robot except rc would do the same. This implies that, in the
next round, it is impossible to form any C1 ∈ Π(C0) with a different central robot.
Note that Theorem 1 implies that Move-All is solvable under the same assumptions of the theorem
(recall that if we satisfy the Visit-All specification, we satisfy also Move-All specification). Moreover,
for the same reason, Theorem 2 implies that Visit-All is unsolvable.
We can summarize the results of this section as follows:
Theorem 3. In systems with chirality, Move-All and Visit-All can be solved in 1-step if and only
if C0 6∈ C.
3.2 2-step Algorithms
In light of Theorem 3, one may wonder what happens when multiple steps are allowed. In this section
we show that allowing an intermediate step to reach the goal does not bring any advantages. We first
introduce a technical lemma. Intuitively, the result is based on the observation that it is impossible to
replace the central robot by another robot in 1-step. Thus the intermediate configuration must be a
configuration C1 /∈ C.
Lemma 2. Let A be a 2-step algorithm that solves Move-All. Starting from configuration C0 ∈ C,
algorithm A cannot generate a run RA,C0 : (C0, C1, C2, C3, . . .) where C1 ∈ C.
Proof. Being A a 2-step algorithm we have C2 = pi(C0) for some pi ∈ Π(C0), and being a solution for
Move-All we have that the central robot, let it be rc, in C0 has to be different from the central robot in
C2. The proof is by contradiction. Let us assume C1 ∈ C, we will show that rc is also the central robot
in C1. Let us suppose the contrary, and let rx 6= rc be the central robot in C1. Note that, by definition
of C, robot rx is the only robot that has a view different from all the others in configuration C1. This
is equivalent to say that, in a configuration obtained by removing rc from C0, robot rx may move to a
position in such a way to make its view unique and breaking the symmetry of the configuration. This
directly contradicts the fact that C0 ∈ C, in C0 the only robot with a unique view is rc and it is the
only robot that can break the symmetry by moving. Therefore, the central robot in C1 has to be rc. By
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Figure 3: Configuration C0 ∈ C where it is impossible to solve Move-All with a 1-step algorithm.
using the same argument, we have that also the central robot of C2 has to be rc, which contradicts the
correctness of A.
Based on the above result, we can show that is impossible to solve Move-All from a configuration
C0 ∈ C, even if the system has chirality. The informal idea here is that the central robot rc in
configuration C0 needs to move away from the center to form the intermediate configuration C1. However,
in any 2-step algorithm, C2 must be a permutation of C0, with a different robot r
′ in the center. Now,
following the same algorithm, robot r′ would move away from the center to form the next configuration
C3. By choosing the coordinate systems of robots rc and r
′ in an appropriate way, the adversary can
ensure that C3 would not be a permutation of C1, thus violating the conditions in Lemma 1. The above
reasoning is formalised in the following theorem:
Theorem 4. There exist no 2-step algorithm that solves Move-All from a configuration C0 ∈ C, even
if the system has chirality.
Proof. Consider a configuration C0 ∈ C where all robots but the central are vertices of a regular
polygon, as a reference see Figure 4. Let us assume that there exists a 2-step algorithm A that solves
Move-All starting from C0. Let rc be the central robot in C0, with coordinate system Zrc , and let
NC : {r1, . . . , rn−1} be the set of the other robots. There are two possible behaviours of A according to
which a robot moves when A starts from configuration C0:
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Figure 4: Case in which algorithm A makes only (and all) robots in NC move: the resulting configuration
will be still in C.
• Robot rc moves, and possibly also robots in NC. Being A a 2-step algorithm, starting from
configuration C0 ∈ C, algorithm A generates a run (C0, C1, C2, C3, . . .) where Cx ∈ Π(C0) when
x is even, and Cx 6∈ C when x is odd (see Lemma 2). Let us now assume that the coordinate
system of any r ∈ NC is obtained by rotating the coordinate system of robot rc by pi2 . Since A
must solve Move-All, we have that in C2 the robot in the center of symmetry cannot be rc, let it
be r. Note that r will move to a destination point that is different from the one rc moved starting
from C0, which means that configuration C3 6∈ Π(C1). However, this leads to a contradiction, see
Lemma 1.
• Only robots in NC : {r1, . . . , rn−1} move. First note that all robots in NC have symmetric views.
Therefore, it is not possible to make only one of them move, everyone has to move. With this is
mind is easy to see that, for any possible movement option of robots in NC, there exists an initial
arrangement of local coordinate systems such that the resulting configuration will be a rotation
and a scaling of the initial configuration, see Figure 4 for an example. Therefore, configuration C1
is still in C, by Lemma 2 this implies that A is not correct.
Since A is not correct in any of the previous cases, we have that the existence of A is impossible.
Interestingly, when we consider Visit-All we can prove a stronger impossibility result that includes
algorithms that could depend on the number of robots n. We can show that such algorithms cannot
solve Visit-All as long as the number of steps is O(1).
Theorem 5. There exists no k-step algorithm for Visit-All, starting from any configuration C0 ∈ C,
where k = O(1). This result holds even if the system has chirality
Proof. Let us consider a starting configuration C0 ∈ C such that robot rc is central, and all the robots
{r1, r2, . . . , rn−1} that are not central are positioned in the vertices of a regular n − 1-gon. Moreover,
let us assume that the coordinate systems of robots r1, . . . , rn−1 are pairwise different. The proof is
by contradiction. Let A be a Visit-All algorithm that uses k-step. The first observation is that any
algorithm solving Visit-All has to ensure that, for any robot rj , there exists a configuration Cj ∈ Π(C0)
that will be reached by the algorithm and such that rj occupies the central position in Cj , let this position
be pc. The second observation is that from a configuration in C, algorithm A has to reach a configuration
C 6∈ C where the robot in position pc moved (see Lemma 2).
The two above observations imply that the run of A that starts from configuration C0 contains at
least n − 1 different configurations not in C, one for each different robot in {r1, r2, . . . , rn−1}. This
is immediate observing that from each Cj the successive configuration in the run will be a specific Nj
different from the others Ni 6=j : starting from Cj robot rj occupying pc has to move in a position different
from the one where ri6=j in configuration Ci moved, this is ensured by the fact that the coordinate system
of rj is different from the ones of other robots.
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It is also easy to see that each Nj could be a starting configuration for algorithm A, thus algorithm
A starting from Nj generates a run RA,Nj : (X0, X1, X2, . . .) where permutations of Nj appear at most
every k-steps (this property is due to the fact that A is a k-step algorithm). Let call this fact (F1).
Being the algorithm for oblivious robots, if Nj appears in RA,C0 at round r, then, from r on, we
have RA,C0 [r+ t] = RA,Nj [t] for any t > 0. Let this be fact (F2). Let r∗ the first round when, in RA,C0
every Nj , with j ∈ [1, n − 1], appeared. Let us consider the set X of configurations that appears in
RA,C0 between round r∗ + 1 and r∗ + k, clearly we have |X| ≤ k. At the same time, all configurations
N∗ appearing before r∗ − 1 have to appear at least once in the interval RA,C0 [r∗ + 1, r∗ + k], this comes
directly from (F1) and (F2). By the pigeonhole principle, this is impossible: there are at least n−1 such
configurations and |X| ≤ k < n− 1. This contradicts the existence of A.
4 Oblivious Robots without Chirality
In this section we consider robots that do not share the same handedness. Interestingly, the absence
of chirality changes the condition for solvability of Move-All and Visit-All, showing the difference
between these two problems. This is due to the fact that in systems without chirality, the configuration
of robots may have mirror symmetry, in addition to rotational symmetry as in the previous section.
4.1 Move-All
The following theorem illustrates the configurations for which the Move-All problem is unsolvable.
Theorem 6. In systems without chirality Move-All is unsolvable in 1-step starting from any config-
uration C0 ∈ C, as well as from any configuration that has a symmetry axis containing exactly one
robot.
Proof. Unsolvability from C0 ∈ C follows from Theorem 2. Consider then an initial configuration C0
such that in C0 there exists a symmetry axis containing only one robot r, and let A be a solution
algorithm for Move-All for this scenario.
In order to satisfy the Move-All specification, there must be a configuration C1 ∈ RA,C0 following
C0, and in C1 a robot r
′ 6= r must be in the position of robot r in C0; notice that if is not the case then
C1 6∈ Π(C0) or r did not move, in both cases Move-All specification has been violated. However, in C0
there exists a robot r′′, symmetric to r′ with respect to the axis containing robot r, that has the same
view of r′, this comes directly from the definition of symmetry axis. Now, if in C0 robot r′ decides as
destination the position of r, also r′′ does the same, this implies that C1 6∈ Π(C0). See the example of
Figure 5. This contradiction disproves the correctness of A.
r0 r00
r
Figure 5: Initial configuration with an unique robot r on the symmetry axis. If robot r′ moves in the
position of r, then r′′ does the same.
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We now consider the solutions to the Move-All problem for the feasible instances. If the configu-
ration has a central symmetry (i.e., a rotational symmetry with θ = pi), each robot can be paired to its
counterpart on the opposite end of the center, and the paired robots can swap positions. (see Figure 6).
When the initial configuration has no rotational symmetry nor any symmetry axes, then the robots
can agree on a common chirality and the algorithms from the previous section can be applied (see
Figure 7).
Thus the only remaining configurations are those with an axis of symmetry. For such configurations,
it is possible to partition the robots in three disjoint subsets, and it make them move as follows: (see
also Figure 8)
(i) For the robots located on a symmetry axis, there exists a unique cyclic order on these robots.
Robots on the axis are permuted according to this ordering.
(ii) The second subset contains robots that are closer to one symmetry axis compared to other axes.
These robots swap positions pairwise, each robot switching with its symmetric robot w.r.t. the
closest axis.
(iii) The last subset consists of robots that are equidistant from two distinct symmetry axes. Also in
this case robots switch positions pairwise, and each one switches position with its symmetric robot
w.r.t. the centroid c of configuration C0.
For all the configurations excluded by Theorem 6, Move-All can be solved using the above approach.
This algorithm is formally presented in Algorithm 3.
Algorithm 3 Move-All 1-step Algorithm when C0 6∈ C and C0 does not have a symmetry axis
containing only one robot.
1: if C is central symmetric then
2: set destination as position p, where p is the symmetric of my position with respect to the center of C.
3: else if C does not have symmetry axes then
4: Set your clockwise orientation using a deterministic algorithm with input C.
5: Execute Algorithm 1 of Section 3.1 using the Order procedure of Algorithm 2 of Section 3.1.
6: else
7: if My position is on a symmetry axis A then
8: Deterministically order the positions on A, obtaining a cylic order p0, p1, . . . , pt−Compute1.
9: if My position is pi then
10: set destination as p(i+1) mod t.
11: else if There is an unique axis of symmetry A closest to my position then
12: set destination as position p symmetric to my position with respect to A.
13: else
14: set destination as position p symmetric to my position with respect to the center of C.
Theorem 7. If C0 6∈ C and C0 does not have a symmetry axis containing exactly one robot, then
Move-All is solvable in 1-step even when the system does not have chirality.
Proof. The pseudocode is in Algorithm 3. Let us consider an execution starting from a configuration C0
that respects the assumptions of the theorem.
• If in C0 there is a central symmetry (see Figure 6) then Lines 1-2 are executed. By definition of
central symmetric it is easy to see that the next configuration belongs to Π(C0) and that everyone
has moved (e.g., see the arrows in Figure 6).
• If C0 has no central symmetry and there are no axes of symmetry (see an example in Figure 7),
then the branch at line 3 is executed. If ρ(C0) = 1 there exists a total order among robots, thus it
is possible to apply the algorithms of Section 3. So let us examine the case when ρ(C0) ≥ 2. The
absence of a symmetry axis implies that robots can agree on a common notion of clockwise direction
using configuration C0. Once they have a common clockwise notion they solve Move-All using
the algorithms of Section 3. An example when ρ(C0) > 1 is shown in Figure 7.
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Figure 6: Central symmetric configuration that does not have a symmetry axis: each robot swaps
position with the symmetric obtained by a rotation of pi radians with respect to the center. Recall that
a configuration C has a central symmetry if once rotated around the centroid of pi radians we get a
permutation of C.
Figure 7: Configuration C0 that has no central symmetry, no symmetry axis and where ρ(C0) = 3.
Notice that robots can agree on a clockwise direction, see arrows.
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Figure 8: Configuration C0 having 3 axes of symmetry. The arrows indicate three types of robot swaps: (1)
Robots on the axis agree on a cyclic order (white robots); (2) Robots that are closer to one axis of symmetry
swap positions w.r.t this axis (stripped robots); (3) Robots that are equidistant from two axes, swap position
with symmetric robots w.r.t. the center (black robots).
• If there is no central symmetry in C0 and each symmetry axis contains no robots or at least 2 (see
Figure 8), then we have 3 possible behaviours according to the position of the robots.
– If a robot is on a symmetry axis A, it executes the branch at line 7. Robots on A are able to
agree on a cyclic order between them. Let us suppose the contrary, then there must exists a
second symmetry axis A′ that is perpendicular to A, which contradicts the fact that C0 has
no central symmetry. Thus robots on A can be cyclically ordered. It is immediate that if
robots on A permute according to this order, then the Move-All problem, restricted to the
subset of robots on A, is correctly solved.
– If there exists a unique axis A closest to a robot r, then the robot r′ symmetric to r with
respect to A is unique and properly defined, and these two robots are able to swap position.
Thus Move-All it is also solved correctly for this subset.
– If it does not exist a unique axis A closest to r and r is not on a symmetry axis, then we will
show that exists a unique robot r′ symmetric to r with respect to the center of configuration
C0. Let A and A
′ be the two axes from which r is equidistant. First, we observe that r is on
the bisector segment of the angle θ between two axes of symmetry. Let B be this segment.
Second, we observe that due to the fact that A and A′ are symmetry axes of C0, we have that
2pi is divided by θ, let us say k times, and that there are k rotations of B around the center
of C0. This implies that there exists a unique robot r
′ (see Figure 8 as an example where
θ = pi3 ). Thus r and r
′ can swap position safely. Therefore, Move-All it is solved correctly
for this last subset.
Since Move-All is correctly solved for all three cases, and each robot in C0 belongs to one of the
sets considered in the above cases, then Move-All is correctly solved.
To summarize, we have the following characterization for solvability of Move-All without chirality:
Theorem 8. In systems without chirality, Move-All is solvable in 1-step if and only if C0 6∈ C and
C0 does not have a symmetry axis containing exactly one robot.
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4.2 Visit-All
The Visit-All problem differs from Move-All only when n > 2, so we will assume in this section that
n ≥ 3. We will show that Visit-All is solvable without chirality if (i) C0 6∈ C and (ii) C0 does not
have symmetry axes, or there is a unique axis of symmetry that does not intersect any point of C0. The
main idea of the algorithm is the following. When C0 does not have a symmetry axis: then it is possible
to agree on a common notion of clockwise direction. Once this is done Algorithm 2 can be used. So we
consider the case when C0 has a unique axis of symmetry that does not intersect any point of C0: we
partition C0 in two sets C
′ and C ′′, containing robots from the two sides of the axis of symmetry. In
each of these sets it is possible to agree on a total order of the points (recall that the symmetry axis is
unique). Let order′ : [p′0, p
′
1, . . . , p
′
n−1
2
] be the order on C ′ and order′′ : [p′′0 , p
′′
1 , . . . , p
′′
n−1
2
] be the analogous
for C ′′. We obtain a cyclic order on C0 by having element p′′0 following p
′
n−1
2
, and, in a symmetric way,
p′0 following p
′′
n−1
2
(see Figure 9).
p00
<latexit sha1 _base64="XyZ/548SBS3lDsGi palZFiOq4S4=">AAACInicbVD LSsNAFJ3UV62vVpduBqvoqiQi 6LLgxmUF+4A2lMn0th06SYaZG 6WE/IJb/QC/xp24EvwYk5iFbT 2rwzn3cg7HU1IYtO0vq7S2vrG 5Vd6u7Ozu7R9Ua4cdE0aaQ5u HMtQ9jxmQIoA2CpTQUxqY70no erPbzO8+gjYiDB5wrsD12SQQY 8EZZpI6H9rDat1u2DnoKnEKUi cFWsOaVR6MQh75ECCXzJi+Yyt 0Y6ZRcAlJZRAZUIzP2AT6KQ2Y D8aN87IJPYsMw5Aq0FRImovw9 yNmvjFz30svfYZTs+xl4n9eP8 LxjRuLQEUIAc+CUEjIgwzXIl0 B6EhoQGRZc6AioJxphghaUMZ5 KkbpLAuBfiRR6PApWVTTcM8LZ ZJu5ywvtUo6lw3Hbjj3V/Xmab FimRyTE3JBHHJNmuSOtEibcDI lz+SFvFpv1rv1YX3+npas4ueI LMD6/gHmmaPo</latexit><latexit sha1 _base64="XyZ/548SBS3lDsGi palZFiOq4S4=">AAACInicbVD LSsNAFJ3UV62vVpduBqvoqiQi 6LLgxmUF+4A2lMn0th06SYaZG 6WE/IJb/QC/xp24EvwYk5iFbT 2rwzn3cg7HU1IYtO0vq7S2vrG 5Vd6u7Ozu7R9Ua4cdE0aaQ5u HMtQ9jxmQIoA2CpTQUxqY70no erPbzO8+gjYiDB5wrsD12SQQY 8EZZpI6H9rDat1u2DnoKnEKUi cFWsOaVR6MQh75ECCXzJi+Yyt 0Y6ZRcAlJZRAZUIzP2AT6KQ2Y D8aN87IJPYsMw5Aq0FRImovw9 yNmvjFz30svfYZTs+xl4n9eP8 LxjRuLQEUIAc+CUEjIgwzXIl0 B6EhoQGRZc6AioJxphghaUMZ5 KkbpLAuBfiRR6PApWVTTcM8LZ ZJu5ywvtUo6lw3Hbjj3V/Xmab FimRyTE3JBHHJNmuSOtEibcDI lz+SFvFpv1rv1YX3+npas4ueI LMD6/gHmmaPo</latexit><latexit sha1 _base64="XyZ/548SBS3lDsGi palZFiOq4S4=">AAACInicbVD LSsNAFJ3UV62vVpduBqvoqiQi 6LLgxmUF+4A2lMn0th06SYaZG 6WE/IJb/QC/xp24EvwYk5iFbT 2rwzn3cg7HU1IYtO0vq7S2vrG 5Vd6u7Ozu7R9Ua4cdE0aaQ5u HMtQ9jxmQIoA2CpTQUxqY70no erPbzO8+gjYiDB5wrsD12SQQY 8EZZpI6H9rDat1u2DnoKnEKUi cFWsOaVR6MQh75ECCXzJi+Yyt 0Y6ZRcAlJZRAZUIzP2AT6KQ2Y D8aN87IJPYsMw5Aq0FRImovw9 yNmvjFz30svfYZTs+xl4n9eP8 LxjRuLQEUIAc+CUEjIgwzXIl0 B6EhoQGRZc6AioJxphghaUMZ5 KkbpLAuBfiRR6PApWVTTcM8LZ ZJu5ywvtUo6lw3Hbjj3V/Xmab FimRyTE3JBHHJNmuSOtEibcDI lz+SFvFpv1rv1YX3+npas4ueI LMD6/gHmmaPo</latexit><latexit sha1 _base64="XyZ/548SBS3lDsGi palZFiOq4S4=">AAACInicbVD LSsNAFJ3UV62vVpduBqvoqiQi 6LLgxmUF+4A2lMn0th06SYaZG 6WE/IJb/QC/xp24EvwYk5iFbT 2rwzn3cg7HU1IYtO0vq7S2vrG 5Vd6u7Ozu7R9Ua4cdE0aaQ5u HMtQ9jxmQIoA2CpTQUxqY70no erPbzO8+gjYiDB5wrsD12SQQY 8EZZpI6H9rDat1u2DnoKnEKUi cFWsOaVR6MQh75ECCXzJi+Yyt 0Y6ZRcAlJZRAZUIzP2AT6KQ2Y D8aN87IJPYsMw5Aq0FRImovw9 yNmvjFz30svfYZTs+xl4n9eP8 LxjRuLQEUIAc+CUEjIgwzXIl0 B6EhoQGRZc6AioJxphghaUMZ5 KkbpLAuBfiRR6PApWVTTcM8LZ ZJu5ywvtUo6lw3Hbjj3V/Xmab FimRyTE3JBHHJNmuSOtEibcDI lz+SFvFpv1rv1YX3+npas4ueI LMD6/gHmmaPo</latexit>
p000
<latexit sha1_base64="TKZ elNCCRCfQXVfKhp4N0I2AObc=">AAACI3icbVC7TgJBFJ3FF+I LtLSZiAYrsmtMtCSxscTEBRLYkNnhghNmH5m5qyFkv8FWP8Cvs TM2Fv6Ls+sWAp7q5Jx7c06OH0uh0ba/rNLa+sbmVnm7srO7t39 QrR12dJQoDi6PZKR6PtMgRQguCpTQixWwwJfQ9ac3md99BKVFF N7jLAYvYJNQjAVnaCQ3bjSG9rBat5t2DrpKnILUSYH2sGaVB6O IJwGEyCXTuu/YMXpzplBwCWllkGiIGZ+yCfQNDVkA2pvnbVN6l miGEY1BUSFpLsLfjzkLtJ4FvrkMGD7oZS8T//P6CY6vvbkI4w Qh5FkQCgl5kOZKmBmAjoQCRJY1BypCypliiKAEZZwbMTG7LAQG iUShoqd0UTXhvh/J1GznLC+1SjoXTcduOneX9dZpsWKZHJMTck 4cckVa5Ja0iUs4EeSZvJBX6816tz6sz9/TklX8HJEFWN8/UCuk GQ==</latexit><latexit sha1_base64="TKZ elNCCRCfQXVfKhp4N0I2AObc=">AAACI3icbVC7TgJBFJ3FF+I LtLSZiAYrsmtMtCSxscTEBRLYkNnhghNmH5m5qyFkv8FWP8Cvs TM2Fv6Ls+sWAp7q5Jx7c06OH0uh0ba/rNLa+sbmVnm7srO7t39 QrR12dJQoDi6PZKR6PtMgRQguCpTQixWwwJfQ9ac3md99BKVFF N7jLAYvYJNQjAVnaCQ3bjSG9rBat5t2DrpKnILUSYH2sGaVB6O IJwGEyCXTuu/YMXpzplBwCWllkGiIGZ+yCfQNDVkA2pvnbVN6l miGEY1BUSFpLsLfjzkLtJ4FvrkMGD7oZS8T//P6CY6vvbkI4w Qh5FkQCgl5kOZKmBmAjoQCRJY1BypCypliiKAEZZwbMTG7LAQG iUShoqd0UTXhvh/J1GznLC+1SjoXTcduOneX9dZpsWKZHJMTck 4cckVa5Ja0iUs4EeSZvJBX6816tz6sz9/TklX8HJEFWN8/UCuk GQ==</latexit><latexit sha1_base64="TKZ elNCCRCfQXVfKhp4N0I2AObc=">AAACI3icbVC7TgJBFJ3FF+I LtLSZiAYrsmtMtCSxscTEBRLYkNnhghNmH5m5qyFkv8FWP8Cvs TM2Fv6Ls+sWAp7q5Jx7c06OH0uh0ba/rNLa+sbmVnm7srO7t39 QrR12dJQoDi6PZKR6PtMgRQguCpTQixWwwJfQ9ac3md99BKVFF N7jLAYvYJNQjAVnaCQ3bjSG9rBat5t2DrpKnILUSYH2sGaVB6O IJwGEyCXTuu/YMXpzplBwCWllkGiIGZ+yCfQNDVkA2pvnbVN6l miGEY1BUSFpLsLfjzkLtJ4FvrkMGD7oZS8T//P6CY6vvbkI4w Qh5FkQCgl5kOZKmBmAjoQCRJY1BypCypliiKAEZZwbMTG7LAQG iUShoqd0UTXhvh/J1GznLC+1SjoXTcduOneX9dZpsWKZHJMTck 4cckVa5Ja0iUs4EeSZvJBX6816tz6sz9/TklX8HJEFWN8/UCuk GQ==</latexit><latexit sha1_base64="TKZ elNCCRCfQXVfKhp4N0I2AObc=">AAACI3icbVC7TgJBFJ3FF+I LtLSZiAYrsmtMtCSxscTEBRLYkNnhghNmH5m5qyFkv8FWP8Cvs TM2Fv6Ls+sWAp7q5Jx7c06OH0uh0ba/rNLa+sbmVnm7srO7t39 QrR12dJQoDi6PZKR6PtMgRQguCpTQixWwwJfQ9ac3md99BKVFF N7jLAYvYJNQjAVnaCQ3bjSG9rBat5t2DrpKnILUSYH2sGaVB6O IJwGEyCXTuu/YMXpzplBwCWllkGiIGZ+yCfQNDVkA2pvnbVN6l miGEY1BUSFpLsLfjzkLtJ4FvrkMGD7oZS8T//P6CY6vvbkI4w Qh5FkQCgl5kOZKmBmAjoQCRJY1BypCypliiKAEZZwbMTG7LAQG iUShoqd0UTXhvh/J1GznLC+1SjoXTcduOneX9dZpsWKZHJMTck 4cckVa5Ja0iUs4EeSZvJBX6816tz6sz9/TklX8HJEFWN8/UCuk GQ==</latexit>
p001
<latexit sha1_base64="AUl p/fppW3gqPbH/Un84fkrlxf8=">AAACI3icbVC7TgJBFJ3BF+I LtLSZiAYrsmtMtCSxscTEBRLYkNnhghNmH5m5qyFkv8FWP8Cvs TM2Fv6Lu+sWAp7q5Jx7c06OFylp0LK+aGltfWNzq7xd2dnd2z+ o1g47Joy1AEeEKtQ9jxtQMgAHJSroRRq47ynoetObzO8+gjYyD O5xFoHr80kgx1JwTCUnajSG9rBat5pWDrZK7ILUSYH2sEbLg1E oYh8CFIob07etCN051yiFgqQyiA1EXEz5BPopDbgPxp3nbRN2F huOIYtAM6lYLsLfjzn3jZn5Xnrpc3wwy14m/uf1Yxxfu3MZRD FCILIglAryICO0TGcANpIaEHnWHJgMmOCaI4KWjAuRinG6y0Kg HyuUOnxKFtU03PNClaTb2ctLrZLORdO2mvbdZb11WqxYJsfkhJ wTm1yRFrklbeIQQSR5Ji/klb7Rd/pBP39PS7T4OSILoN8/Ueak Gg==</latexit><latexit sha1_base64="AUl p/fppW3gqPbH/Un84fkrlxf8=">AAACI3icbVC7TgJBFJ3BF+I LtLSZiAYrsmtMtCSxscTEBRLYkNnhghNmH5m5qyFkv8FWP8Cvs TM2Fv6Lu+sWAp7q5Jx7c06OFylp0LK+aGltfWNzq7xd2dnd2z+ o1g47Joy1AEeEKtQ9jxtQMgAHJSroRRq47ynoetObzO8+gjYyD O5xFoHr80kgx1JwTCUnajSG9rBat5pWDrZK7ILUSYH2sEbLg1E oYh8CFIob07etCN051yiFgqQyiA1EXEz5BPopDbgPxp3nbRN2F huOIYtAM6lYLsLfjzn3jZn5Xnrpc3wwy14m/uf1Yxxfu3MZRD FCILIglAryICO0TGcANpIaEHnWHJgMmOCaI4KWjAuRinG6y0Kg HyuUOnxKFtU03PNClaTb2ctLrZLORdO2mvbdZb11WqxYJsfkhJ wTm1yRFrklbeIQQSR5Ji/klb7Rd/pBP39PS7T4OSILoN8/Ueak Gg==</latexit><latexit sha1_base64="AUl p/fppW3gqPbH/Un84fkrlxf8=">AAACI3icbVC7TgJBFJ3BF+I LtLSZiAYrsmtMtCSxscTEBRLYkNnhghNmH5m5qyFkv8FWP8Cvs TM2Fv6Lu+sWAp7q5Jx7c06OFylp0LK+aGltfWNzq7xd2dnd2z+ o1g47Joy1AEeEKtQ9jxtQMgAHJSroRRq47ynoetObzO8+gjYyD O5xFoHr80kgx1JwTCUnajSG9rBat5pWDrZK7ILUSYH2sEbLg1E oYh8CFIob07etCN051yiFgqQyiA1EXEz5BPopDbgPxp3nbRN2F huOIYtAM6lYLsLfjzn3jZn5Xnrpc3wwy14m/uf1Yxxfu3MZRD FCILIglAryICO0TGcANpIaEHnWHJgMmOCaI4KWjAuRinG6y0Kg HyuUOnxKFtU03PNClaTb2ctLrZLORdO2mvbdZb11WqxYJsfkhJ wTm1yRFrklbeIQQSR5Ji/klb7Rd/pBP39PS7T4OSILoN8/Ueak Gg==</latexit><latexit sha1_base64="AUl p/fppW3gqPbH/Un84fkrlxf8=">AAACI3icbVC7TgJBFJ3BF+I LtLSZiAYrsmtMtCSxscTEBRLYkNnhghNmH5m5qyFkv8FWP8Cvs TM2Fv6Lu+sWAp7q5Jx7c06OFylp0LK+aGltfWNzq7xd2dnd2z+ o1g47Joy1AEeEKtQ9jxtQMgAHJSroRRq47ynoetObzO8+gjYyD O5xFoHr80kgx1JwTCUnajSG9rBat5pWDrZK7ILUSYH2sEbLg1E oYh8CFIob07etCN051yiFgqQyiA1EXEz5BPopDbgPxp3nbRN2F huOIYtAM6lYLsLfjzn3jZn5Xnrpc3wwy14m/uf1Yxxfu3MZRD FCILIglAryICO0TGcANpIaEHnWHJgMmOCaI4KWjAuRinG6y0Kg HyuUOnxKFtU03PNClaTb2ctLrZLORdO2mvbdZb11WqxYJsfkhJ wTm1yRFrklbeIQQSR5Ji/klb7Rd/pBP39PS7T4OSILoN8/Ueak Gg==</latexit>
p002
<latexit sha1_base64="mGx xEdpUV/3kS19rVsxTTK2RfpM=">AAACI3icbVDNTsJAGNziH+I f6NHLRjR4Ii0x0SOJF4+YWCCBhmyXD9ywbTe7XzWE9Bm86gP4N N6MFw++i23tQdA5TWa+LzMZX0lh0LY/rdLa+sbmVnm7srO7t39 QrR12TRRrDi6PZKT7PjMgRQguCpTQVxpY4Evo+bPrzO89gDYiC u9wrsAL2DQUE8EZppKrGo1Ra1St2007B/1LnILUSYHOqGaVh+O IxwGEyCUzZuDYCr0F0yi4hKQyjA0oxmdsCoOUhiwA4y3ytgk9i w3DiCrQVEiai/D7Y8ECY+aBn14GDO/NqpeJ/3mDGCdX3kKEKk YIeRaEQkIeZLgW6QxAx0IDIsuaAxUh5UwzRNCCMs5TMU53WQoM YolCR4/JspqG+34kk3Q7Z3Wpv6Tbajp207m9qLdPixXL5JickH PikEvSJjekQ1zCiSBP5Jm8WK/Wm/Vuffyclqzi54gswfr6BlOh pBs=</latexit><latexit sha1_base64="mGx xEdpUV/3kS19rVsxTTK2RfpM=">AAACI3icbVDNTsJAGNziH+I f6NHLRjR4Ii0x0SOJF4+YWCCBhmyXD9ywbTe7XzWE9Bm86gP4N N6MFw++i23tQdA5TWa+LzMZX0lh0LY/rdLa+sbmVnm7srO7t39 QrR12TRRrDi6PZKT7PjMgRQguCpTQVxpY4Evo+bPrzO89gDYiC u9wrsAL2DQUE8EZppKrGo1Ra1St2007B/1LnILUSYHOqGaVh+O IxwGEyCUzZuDYCr0F0yi4hKQyjA0oxmdsCoOUhiwA4y3ytgk9i w3DiCrQVEiai/D7Y8ECY+aBn14GDO/NqpeJ/3mDGCdX3kKEKk YIeRaEQkIeZLgW6QxAx0IDIsuaAxUh5UwzRNCCMs5TMU53WQoM YolCR4/JspqG+34kk3Q7Z3Wpv6Tbajp207m9qLdPixXL5JickH PikEvSJjekQ1zCiSBP5Jm8WK/Wm/Vuffyclqzi54gswfr6BlOh pBs=</latexit><latexit sha1_base64="mGx xEdpUV/3kS19rVsxTTK2RfpM=">AAACI3icbVDNTsJAGNziH+I f6NHLRjR4Ii0x0SOJF4+YWCCBhmyXD9ywbTe7XzWE9Bm86gP4N N6MFw++i23tQdA5TWa+LzMZX0lh0LY/rdLa+sbmVnm7srO7t39 QrR12TRRrDi6PZKT7PjMgRQguCpTQVxpY4Evo+bPrzO89gDYiC u9wrsAL2DQUE8EZppKrGo1Ra1St2007B/1LnILUSYHOqGaVh+O IxwGEyCUzZuDYCr0F0yi4hKQyjA0oxmdsCoOUhiwA4y3ytgk9i w3DiCrQVEiai/D7Y8ECY+aBn14GDO/NqpeJ/3mDGCdX3kKEKk YIeRaEQkIeZLgW6QxAx0IDIsuaAxUh5UwzRNCCMs5TMU53WQoM YolCR4/JspqG+34kk3Q7Z3Wpv6Tbajp207m9qLdPixXL5JickH PikEvSJjekQ1zCiSBP5Jm8WK/Wm/Vuffyclqzi54gswfr6BlOh pBs=</latexit><latexit sha1_base64="mGx xEdpUV/3kS19rVsxTTK2RfpM=">AAACI3icbVDNTsJAGNziH+I f6NHLRjR4Ii0x0SOJF4+YWCCBhmyXD9ywbTe7XzWE9Bm86gP4N N6MFw++i23tQdA5TWa+LzMZX0lh0LY/rdLa+sbmVnm7srO7t39 QrR12TRRrDi6PZKT7PjMgRQguCpTQVxpY4Evo+bPrzO89gDYiC u9wrsAL2DQUE8EZppKrGo1Ra1St2007B/1LnILUSYHOqGaVh+O IxwGEyCUzZuDYCr0F0yi4hKQyjA0oxmdsCoOUhiwA4y3ytgk9i w3DiCrQVEiai/D7Y8ECY+aBn14GDO/NqpeJ/3mDGCdX3kKEKk YIeRaEQkIeZLgW6QxAx0IDIsuaAxUh5UwzRNCCMs5TMU53WQoM YolCR4/JspqG+34kk3Q7Z3Wpv6Tbajp207m9qLdPixXL5JickH PikEvSJjekQ1zCiSBP5Jm8WK/Wm/Vuffyclqzi54gswfr6BlOh pBs=</latexit>
p003
<latexit sha1_base64="FHm a3Wg70hGnYCTy+serbCXVD4I=">AAACI3icbVC7TgJBFJ3FF+I LtLSZiAYrsqsmWpLYWGLiAglsyOxwwQmzj8zc1RCy32CrH+DX2 BkbC//F2XULQU91cs69OSfHj6XQaNufVmlldW19o7xZ2dre2d2 r1vY7OkoUB5dHMlI9n2mQIgQXBUroxQpY4Evo+tPrzO8+gNIiC u9wFoMXsEkoxoIzNJIbNxrD82G1bjftHPQvcQpSJwXaw5pVHow ingQQIpdM675jx+jNmULBJaSVQaIhZnzKJtA3NGQBaG+et03pS aIZRjQGRYWkuQi/P+Ys0HoW+OYyYHivl71M/M/rJzi+8uYijB OEkGdBKCTkQZorYWYAOhIKEFnWHKgIKWeKIYISlHFuxMTsshAY JBKFih7TRdWE+34kU7Ods7zUX9I5azp207m9qLeOixXL5JAckV PikEvSIjekTVzCiSBP5Jm8WK/Wm/Vuffyclqzi54AswPr6BlVc pBw=</latexit><latexit sha1_base64="FHm a3Wg70hGnYCTy+serbCXVD4I=">AAACI3icbVC7TgJBFJ3FF+I LtLSZiAYrsqsmWpLYWGLiAglsyOxwwQmzj8zc1RCy32CrH+DX2 BkbC//F2XULQU91cs69OSfHj6XQaNufVmlldW19o7xZ2dre2d2 r1vY7OkoUB5dHMlI9n2mQIgQXBUroxQpY4Evo+tPrzO8+gNIiC u9wFoMXsEkoxoIzNJIbNxrD82G1bjftHPQvcQpSJwXaw5pVHow ingQQIpdM675jx+jNmULBJaSVQaIhZnzKJtA3NGQBaG+et03pS aIZRjQGRYWkuQi/P+Ys0HoW+OYyYHivl71M/M/rJzi+8uYijB OEkGdBKCTkQZorYWYAOhIKEFnWHKgIKWeKIYISlHFuxMTsshAY JBKFih7TRdWE+34kU7Ods7zUX9I5azp207m9qLeOixXL5JAckV PikEvSIjekTVzCiSBP5Jm8WK/Wm/Vuffyclqzi54AswPr6BlVc pBw=</latexit><latexit sha1_base64="FHm a3Wg70hGnYCTy+serbCXVD4I=">AAACI3icbVC7TgJBFJ3FF+I LtLSZiAYrsqsmWpLYWGLiAglsyOxwwQmzj8zc1RCy32CrH+DX2 BkbC//F2XULQU91cs69OSfHj6XQaNufVmlldW19o7xZ2dre2d2 r1vY7OkoUB5dHMlI9n2mQIgQXBUroxQpY4Evo+tPrzO8+gNIiC u9wFoMXsEkoxoIzNJIbNxrD82G1bjftHPQvcQpSJwXaw5pVHow ingQQIpdM675jx+jNmULBJaSVQaIhZnzKJtA3NGQBaG+et03pS aIZRjQGRYWkuQi/P+Ys0HoW+OYyYHivl71M/M/rJzi+8uYijB OEkGdBKCTkQZorYWYAOhIKEFnWHKgIKWeKIYISlHFuxMTsshAY JBKFih7TRdWE+34kU7Ods7zUX9I5azp207m9qLeOixXL5JAckV PikEvSIjekTVzCiSBP5Jm8WK/Wm/Vuffyclqzi54AswPr6BlVc pBw=</latexit><latexit sha1_base64="FHm a3Wg70hGnYCTy+serbCXVD4I=">AAACI3icbVC7TgJBFJ3FF+I LtLSZiAYrsqsmWpLYWGLiAglsyOxwwQmzj8zc1RCy32CrH+DX2 BkbC//F2XULQU91cs69OSfHj6XQaNufVmlldW19o7xZ2dre2d2 r1vY7OkoUB5dHMlI9n2mQIgQXBUroxQpY4Evo+tPrzO8+gNIiC u9wFoMXsEkoxoIzNJIbNxrD82G1bjftHPQvcQpSJwXaw5pVHow ingQQIpdM675jx+jNmULBJaSVQaIhZnzKJtA3NGQBaG+et03pS aIZRjQGRYWkuQi/P+Ys0HoW+OYyYHivl71M/M/rJzi+8uYijB OEkGdBKCTkQZorYWYAOhIKEFnWHKgIKWeKIYISlHFuxMTsshAY JBKFih7TRdWE+34kU7Ods7zUX9I5azp207m9qLeOixXL5JAckV PikEvSIjekTVzCiSBP5Jm8WK/Wm/Vuffyclqzi54AswPr6BlVc pBw=</latexit>
p004
<latexit sha1_base64="eJR AOyU6asZz/QyK4u98knM9U28=">AAACI3icbVDNTsJAGNziH+I f6NHLRjR4Iq0h0SOJF4+YWCCBhmyXD9ywbTe7XzWE9Bm86gP4N N6MFw++i23tQdA5TWa+LzMZX0lh0LY/rdLa+sbmVnm7srO7t39 QrR12TRRrDi6PZKT7PjMgRQguCpTQVxpY4Evo+bPrzO89gDYiC u9wrsAL2DQUE8EZppKrGo1Ra1St2007B/1LnILUSYHOqGaVh+O IxwGEyCUzZuDYCr0F0yi4hKQyjA0oxmdsCoOUhiwA4y3ytgk9i w3DiCrQVEiai/D7Y8ECY+aBn14GDO/NqpeJ/3mDGCdX3kKEKk YIeRaEQkIeZLgW6QxAx0IDIsuaAxUh5UwzRNCCMs5TMU53WQoM YolCR4/JspqG+34kk3Q7Z3Wpv6R70XTspnPbqrdPixXL5JickH PikEvSJjekQ1zCiSBP5Jm8WK/Wm/Vuffyclqzi54gswfr6BlcX pB0=</latexit><latexit sha1_base64="eJR AOyU6asZz/QyK4u98knM9U28=">AAACI3icbVDNTsJAGNziH+I f6NHLRjR4Iq0h0SOJF4+YWCCBhmyXD9ywbTe7XzWE9Bm86gP4N N6MFw++i23tQdA5TWa+LzMZX0lh0LY/rdLa+sbmVnm7srO7t39 QrR12TRRrDi6PZKT7PjMgRQguCpTQVxpY4Evo+bPrzO89gDYiC u9wrsAL2DQUE8EZppKrGo1Ra1St2007B/1LnILUSYHOqGaVh+O IxwGEyCUzZuDYCr0F0yi4hKQyjA0oxmdsCoOUhiwA4y3ytgk9i w3DiCrQVEiai/D7Y8ECY+aBn14GDO/NqpeJ/3mDGCdX3kKEKk YIeRaEQkIeZLgW6QxAx0IDIsuaAxUh5UwzRNCCMs5TMU53WQoM YolCR4/JspqG+34kk3Q7Z3Wpv6R70XTspnPbqrdPixXL5JickH PikEvSJjekQ1zCiSBP5Jm8WK/Wm/Vuffyclqzi54gswfr6BlcX pB0=</latexit><latexit sha1_base64="eJR AOyU6asZz/QyK4u98knM9U28=">AAACI3icbVDNTsJAGNziH+I f6NHLRjR4Iq0h0SOJF4+YWCCBhmyXD9ywbTe7XzWE9Bm86gP4N N6MFw++i23tQdA5TWa+LzMZX0lh0LY/rdLa+sbmVnm7srO7t39 QrR12TRRrDi6PZKT7PjMgRQguCpTQVxpY4Evo+bPrzO89gDYiC u9wrsAL2DQUE8EZppKrGo1Ra1St2007B/1LnILUSYHOqGaVh+O IxwGEyCUzZuDYCr0F0yi4hKQyjA0oxmdsCoOUhiwA4y3ytgk9i w3DiCrQVEiai/D7Y8ECY+aBn14GDO/NqpeJ/3mDGCdX3kKEKk YIeRaEQkIeZLgW6QxAx0IDIsuaAxUh5UwzRNCCMs5TMU53WQoM YolCR4/JspqG+34kk3Q7Z3Wpv6R70XTspnPbqrdPixXL5JickH PikEvSJjekQ1zCiSBP5Jm8WK/Wm/Vuffyclqzi54gswfr6BlcX pB0=</latexit><latexit sha1_base64="eJR AOyU6asZz/QyK4u98knM9U28=">AAACI3icbVDNTsJAGNziH+I f6NHLRjR4Iq0h0SOJF4+YWCCBhmyXD9ywbTe7XzWE9Bm86gP4N N6MFw++i23tQdA5TWa+LzMZX0lh0LY/rdLa+sbmVnm7srO7t39 QrR12TRRrDi6PZKT7PjMgRQguCpTQVxpY4Evo+bPrzO89gDYiC u9wrsAL2DQUE8EZppKrGo1Ra1St2007B/1LnILUSYHOqGaVh+O IxwGEyCUzZuDYCr0F0yi4hKQyjA0oxmdsCoOUhiwA4y3ytgk9i w3DiCrQVEiai/D7Y8ECY+aBn14GDO/NqpeJ/3mDGCdX3kKEKk YIeRaEQkIeZLgW6QxAx0IDIsuaAxUh5UwzRNCCMs5TMU53WQoM YolCR4/JspqG+34kk3Q7Z3Wpv6R70XTspnPbqrdPixXL5JickH PikEvSJjekQ1zCiSBP5Jm8WK/Wm/Vuffyclqzi54gswfr6BlcX pB0=</latexit>
p01
<latexit sha1 _base64="5LEHkFDgb7XNo0w7 hpx6+9UuIIg=">AAACInicbVD LSsNAFJ3UV62vVpduBqvoqiQi 6LLgxmUF+4A2lMn0th06SYaZG 6WE/IJb/QC/xp24EvwYk5iFbT 2rwzn3cg7HU1IYtO0vq7S2vrG 5Vd6u7Ozu7R9Ua4cdE0aaQ5u HMtQ9jxmQIoA2CpTQUxqY70no erPbzO8+gjYiDB5wrsD12SQQY 8EZZpI6HzrDat1u2DnoKnEKUi cFWsOaVR6MQh75ECCXzJi+Yyt 0Y6ZRcAlJZRAZUIzP2AT6KQ2Y D8aN87IJPYsMw5Aq0FRImovw9 yNmvjFz30svfYZTs+xl4n9eP8 LxjRuLQEUIAc+CUEjIgwzXIl0 B6EhoQGRZc6AioJxphghaUMZ5 KkbpLAuBfiRR6PApWVTTcM8LZ ZJu5ywvtUo6lw3Hbjj3V/Xmab FimRyTE3JBHHJNmuSOtEibcDI lz+SFvFpv1rv1YX3+npas4ueI LMD6/gHoVKPp</latexit><latexit sha1 _base64="5LEHkFDgb7XNo0w7 hpx6+9UuIIg=">AAACInicbVD LSsNAFJ3UV62vVpduBqvoqiQi 6LLgxmUF+4A2lMn0th06SYaZG 6WE/IJb/QC/xp24EvwYk5iFbT 2rwzn3cg7HU1IYtO0vq7S2vrG 5Vd6u7Ozu7R9Ua4cdE0aaQ5u HMtQ9jxmQIoA2CpTQUxqY70no erPbzO8+gjYiDB5wrsD12SQQY 8EZZpI6HzrDat1u2DnoKnEKUi cFWsOaVR6MQh75ECCXzJi+Yyt 0Y6ZRcAlJZRAZUIzP2AT6KQ2Y D8aN87IJPYsMw5Aq0FRImovw9 yNmvjFz30svfYZTs+xl4n9eP8 LxjRuLQEUIAc+CUEjIgwzXIl0 B6EhoQGRZc6AioJxphghaUMZ5 KkbpLAuBfiRR6PApWVTTcM8LZ ZJu5ywvtUo6lw3Hbjj3V/Xmab FimRyTE3JBHHJNmuSOtEibcDI lz+SFvFpv1rv1YX3+npas4ueI LMD6/gHoVKPp</latexit><latexit sha1 _base64="5LEHkFDgb7XNo0w7 hpx6+9UuIIg=">AAACInicbVD LSsNAFJ3UV62vVpduBqvoqiQi 6LLgxmUF+4A2lMn0th06SYaZG 6WE/IJb/QC/xp24EvwYk5iFbT 2rwzn3cg7HU1IYtO0vq7S2vrG 5Vd6u7Ozu7R9Ua4cdE0aaQ5u HMtQ9jxmQIoA2CpTQUxqY70no erPbzO8+gjYiDB5wrsD12SQQY 8EZZpI6HzrDat1u2DnoKnEKUi cFWsOaVR6MQh75ECCXzJi+Yyt 0Y6ZRcAlJZRAZUIzP2AT6KQ2Y D8aN87IJPYsMw5Aq0FRImovw9 yNmvjFz30svfYZTs+xl4n9eP8 LxjRuLQEUIAc+CUEjIgwzXIl0 B6EhoQGRZc6AioJxphghaUMZ5 KkbpLAuBfiRR6PApWVTTcM8LZ ZJu5ywvtUo6lw3Hbjj3V/Xmab FimRyTE3JBHHJNmuSOtEibcDI lz+SFvFpv1rv1YX3+npas4ueI LMD6/gHoVKPp</latexit><latexit sha1 _base64="5LEHkFDgb7XNo0w7 hpx6+9UuIIg=">AAACInicbVD LSsNAFJ3UV62vVpduBqvoqiQi 6LLgxmUF+4A2lMn0th06SYaZG 6WE/IJb/QC/xp24EvwYk5iFbT 2rwzn3cg7HU1IYtO0vq7S2vrG 5Vd6u7Ozu7R9Ua4cdE0aaQ5u HMtQ9jxmQIoA2CpTQUxqY70no erPbzO8+gjYiDB5wrsD12SQQY 8EZZpI6HzrDat1u2DnoKnEKUi cFWsOaVR6MQh75ECCXzJi+Yyt 0Y6ZRcAlJZRAZUIzP2AT6KQ2Y D8aN87IJPYsMw5Aq0FRImovw9 yNmvjFz30svfYZTs+xl4n9eP8 LxjRuLQEUIAc+CUEjIgwzXIl0 B6EhoQGRZc6AioJxphghaUMZ5 KkbpLAuBfiRR6PApWVTTcM8LZ ZJu5ywvtUo6lw3Hbjj3V/Xmab FimRyTE3JBHHJNmuSOtEibcDI lz+SFvFpv1rv1YX3+npas4ueI LMD6/gHoVKPp</latexit>
p02
<latexit sha1 _base64="tVubNZ6fxZKtq6+U TeLkkv8Zd4g=">AAACInicbVD LSsNAFJ34rPXV6tLNYBVdlaQI uiy4cVnBPqANZTK9bYdOMmHmR ikhv+BWP8CvcSeuBD/GJGZhW8 /qcM69nMPxQikM2vaXtba+sbm 1Xdop7+7tHxxWqkcdoyLNoc2 VVLrnMQNSBNBGgRJ6oQbmexK6 3uw287uPoI1QwQPOQ3B9NgnEW HCGmRReDBvDSs2u2znoKnEKUi MFWsOqVRqMFI98CJBLZkzfsUN 0Y6ZRcAlJeRAZCBmfsQn0Uxow H4wb52UTeh4ZhoqGoKmQNBfh7 0fMfGPmvpde+gynZtnLxP+8fo TjGzcWQRghBDwLQiEhDzJci3Q FoCOhAZFlzYGKgHKmGSJoQRnn qRilsywE+pFEodVTsqim4Z6nZ JJu5ywvtUo6jbpj1537q1rzrF ixRE7IKbkkDrkmTXJHWqRNOJm SZ/JCXq036936sD5/T9es4ueY LMD6/gHqD6Pq</latexit><latexit sha1 _base64="tVubNZ6fxZKtq6+U TeLkkv8Zd4g=">AAACInicbVD LSsNAFJ34rPXV6tLNYBVdlaQI uiy4cVnBPqANZTK9bYdOMmHmR ikhv+BWP8CvcSeuBD/GJGZhW8 /qcM69nMPxQikM2vaXtba+sbm 1Xdop7+7tHxxWqkcdoyLNoc2 VVLrnMQNSBNBGgRJ6oQbmexK6 3uw287uPoI1QwQPOQ3B9NgnEW HCGmRReDBvDSs2u2znoKnEKUi MFWsOqVRqMFI98CJBLZkzfsUN 0Y6ZRcAlJeRAZCBmfsQn0Uxow H4wb52UTeh4ZhoqGoKmQNBfh7 0fMfGPmvpde+gynZtnLxP+8fo TjGzcWQRghBDwLQiEhDzJci3Q FoCOhAZFlzYGKgHKmGSJoQRnn qRilsywE+pFEodVTsqim4Z6nZ JJu5ywvtUo6jbpj1537q1rzrF ixRE7IKbkkDrkmTXJHWqRNOJm SZ/JCXq036936sD5/T9es4ueY LMD6/gHqD6Pq</latexit><latexit sha1 _base64="tVubNZ6fxZKtq6+U TeLkkv8Zd4g=">AAACInicbVD LSsNAFJ34rPXV6tLNYBVdlaQI uiy4cVnBPqANZTK9bYdOMmHmR ikhv+BWP8CvcSeuBD/GJGZhW8 /qcM69nMPxQikM2vaXtba+sbm 1Xdop7+7tHxxWqkcdoyLNoc2 VVLrnMQNSBNBGgRJ6oQbmexK6 3uw287uPoI1QwQPOQ3B9NgnEW HCGmRReDBvDSs2u2znoKnEKUi MFWsOqVRqMFI98CJBLZkzfsUN 0Y6ZRcAlJeRAZCBmfsQn0Uxow H4wb52UTeh4ZhoqGoKmQNBfh7 0fMfGPmvpde+gynZtnLxP+8fo TjGzcWQRghBDwLQiEhDzJci3Q FoCOhAZFlzYGKgHKmGSJoQRnn qRilsywE+pFEodVTsqim4Z6nZ JJu5ywvtUo6jbpj1537q1rzrF ixRE7IKbkkDrkmTXJHWqRNOJm SZ/JCXq036936sD5/T9es4ueY LMD6/gHqD6Pq</latexit><latexit sha1 _base64="tVubNZ6fxZKtq6+U TeLkkv8Zd4g=">AAACInicbVD LSsNAFJ34rPXV6tLNYBVdlaQI uiy4cVnBPqANZTK9bYdOMmHmR ikhv+BWP8CvcSeuBD/GJGZhW8 /qcM69nMPxQikM2vaXtba+sbm 1Xdop7+7tHxxWqkcdoyLNoc2 VVLrnMQNSBNBGgRJ6oQbmexK6 3uw287uPoI1QwQPOQ3B9NgnEW HCGmRReDBvDSs2u2znoKnEKUi MFWsOqVRqMFI98CJBLZkzfsUN 0Y6ZRcAlJeRAZCBmfsQn0Uxow H4wb52UTeh4ZhoqGoKmQNBfh7 0fMfGPmvpde+gynZtnLxP+8fo TjGzcWQRghBDwLQiEhDzJci3Q FoCOhAZFlzYGKgHKmGSJoQRnn qRilsywE+pFEodVTsqim4Z6nZ JJu5ywvtUo6jbpj1537q1rzrF ixRE7IKbkkDrkmTXJHWqRNOJm SZ/JCXq036936sD5/T9es4ueY LMD6/gHqD6Pq</latexit>
p03
<latexit sha1 _base64="DJX22ayT9jhNuZVk 7n0+3rza9yM=">AAACInicbVD LSsNAFJ34rPXV6tLNYBVdlUQF XRbcuKxgH9CGMpnetkMnD2buK CXkF9zqB/g17sSV4MeYxCxs61 kdzrmXczheJIVG2/6yVlbX1jc 2S1vl7Z3dvf1K9aCtQ6M4tHg oQ9X1mAYpAmihQAndSAHzPQkd b3qb+Z1HUFqEwQPOInB9Ng7ES HCGmRSdDS4HlZpdt3PQZeIUpE YKNAdVq9Qfhtz4ECCXTOueY0f oxkyh4BKSct9oiBifsjH0Uhow H7Qb52UTemo0w5BGoKiQNBfh7 0fMfK1nvpde+gwnetHLxP+8ns HRjRuLIDIIAc+CUEjIgzRXIl0 B6FAoQGRZc6AioJwphghKUMZ5 Kpp0lrlA30gUKnxK5tU03PNCm aTbOYtLLZP2Rd2x6879Va1xUq xYIkfkmJwTh1yTBrkjTdIinEz IM3khr9ab9W59WJ+/pytW8XNI 5mB9/wDryqPr</latexit><latexit sha1 _base64="DJX22ayT9jhNuZVk 7n0+3rza9yM=">AAACInicbVD LSsNAFJ34rPXV6tLNYBVdlUQF XRbcuKxgH9CGMpnetkMnD2buK CXkF9zqB/g17sSV4MeYxCxs61 kdzrmXczheJIVG2/6yVlbX1jc 2S1vl7Z3dvf1K9aCtQ6M4tHg oQ9X1mAYpAmihQAndSAHzPQkd b3qb+Z1HUFqEwQPOInB9Ng7ES HCGmRSdDS4HlZpdt3PQZeIUpE YKNAdVq9Qfhtz4ECCXTOueY0f oxkyh4BKSct9oiBifsjH0Uhow H7Qb52UTemo0w5BGoKiQNBfh7 0fMfK1nvpde+gwnetHLxP+8ns HRjRuLIDIIAc+CUEjIgzRXIl0 B6FAoQGRZc6AioJwphghKUMZ5 Kpp0lrlA30gUKnxK5tU03PNCm aTbOYtLLZP2Rd2x6879Va1xUq xYIkfkmJwTh1yTBrkjTdIinEz IM3khr9ab9W59WJ+/pytW8XNI 5mB9/wDryqPr</latexit><latexit sha1 _base64="DJX22ayT9jhNuZVk 7n0+3rza9yM=">AAACInicbVD LSsNAFJ34rPXV6tLNYBVdlUQF XRbcuKxgH9CGMpnetkMnD2buK CXkF9zqB/g17sSV4MeYxCxs61 kdzrmXczheJIVG2/6yVlbX1jc 2S1vl7Z3dvf1K9aCtQ6M4tHg oQ9X1mAYpAmihQAndSAHzPQkd b3qb+Z1HUFqEwQPOInB9Ng7ES HCGmRSdDS4HlZpdt3PQZeIUpE YKNAdVq9Qfhtz4ECCXTOueY0f oxkyh4BKSct9oiBifsjH0Uhow H7Qb52UTemo0w5BGoKiQNBfh7 0fMfK1nvpde+gwnetHLxP+8ns HRjRuLIDIIAc+CUEjIgzRXIl0 B6FAoQGRZc6AioJwphghKUMZ5 Kpp0lrlA30gUKnxK5tU03PNCm aTbOYtLLZP2Rd2x6879Va1xUq xYIkfkmJwTh1yTBrkjTdIinEz IM3khr9ab9W59WJ+/pytW8XNI 5mB9/wDryqPr</latexit><latexit sha1 _base64="DJX22ayT9jhNuZVk 7n0+3rza9yM=">AAACInicbVD LSsNAFJ34rPXV6tLNYBVdlUQF XRbcuKxgH9CGMpnetkMnD2buK CXkF9zqB/g17sSV4MeYxCxs61 kdzrmXczheJIVG2/6yVlbX1jc 2S1vl7Z3dvf1K9aCtQ6M4tHg oQ9X1mAYpAmihQAndSAHzPQkd b3qb+Z1HUFqEwQPOInB9Ng7ES HCGmRSdDS4HlZpdt3PQZeIUpE YKNAdVq9Qfhtz4ECCXTOueY0f oxkyh4BKSct9oiBifsjH0Uhow H7Qb52UTemo0w5BGoKiQNBfh7 0fMfK1nvpde+gwnetHLxP+8ns HRjRuLIDIIAc+CUEjIgzRXIl0 B6FAoQGRZc6AioJwphghKUMZ5 Kpp0lrlA30gUKnxK5tU03PNCm aTbOYtLLZP2Rd2x6879Va1xUq xYIkfkmJwTh1yTBrkjTdIinEz IM3khr9ab9W59WJ+/pytW8XNI 5mB9/wDryqPr</latexit>
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Figure 9: Configuration C0 with a unique symmetry axis A and no robots intersecting A. The arrow on
axis A indicate the direction on which robots agree. The arrows among configuration points indicate the
cyclic order induced by Algorithm 4.
The corresponding ordering pseudocode is defined in Algorithm 4.
Algorithm 4 Order algorithm without Chirality.
1: procedure Order(Configuration C)
2: if C does not have a symmetry axis then
3: Set your clockwise orientation using a deterministic algorithm with input C.
4: return the output of Order procedure of Algorithm 2 of Section 3.1.
5: else . In this case there is a unique symmetry axis that does not intersect any point of C.
6: Let A be the unique symmetry axis of C.
7: Let C′ and C′′ be partitions of C such that C′′ is the symmetric of C′ w.r.t. A.
8: Let order′ be a total order of robots in C′
9: Let order′′ be a total order of robots in C′′
10: Let list be a list obtained by ordinately appending to order′ the elements of order′′
11: return list
The correctness of Algorithm 4 is shown in the following theorem.
Theorem 9. When n > 2 and robots do not have chirality, Visit-All is solvable in 1-step if the initial
configuration C0 6∈ C and one of the following holds:
1. There are no symmetry axes in C0, or,
2. There exists a unique symmetry axis of C0 and no point of C0 intersects the axis.
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Proof. Algorithm 4 solves the problem. We show its correctness case by case:
• There are no symmetry axes in C0: If ρ(C0) = 1, then it is obvious that the robots can agree
on a common notion of clockwise direction, and in such a case the order returned at Line 4 is
correct by Lemma 1. In case ρ(C0) > 2 it is possible to agree on a common notion of clockwise
direction (Line 3) as follows. Since there exist an ordering among the classes constituting C0, let
H be the “highest” class in this order (see red points in Figure 7 as reference). Take a line L
passing through the centroid c of C0 and a point p in H. Since L is not an axis of symmetry, we
have that the half-planes defined by L are different and not symmetric w.r.t. to L. Specifically,
it is possible to order them using p by scanning the plane starting from p in the local clockwise
and counter-clockwise directions using c as center and stopping at the first asymmetry. Therefore,
the half-planes can be used to define a common clockwise direction, e.g., the one going from the
lowest half-plane to the highest. Note that this procedure gives the same order for any choice of
p ∈ H. Once there is an agreement on clockwise direction the correctness derives from the one of
Algorithm 2 (see Lemma 1).
• There exists a unique symmetry axis A of C0 and no point of C0 intersects A: this case starts at
Line 5. Let C ′ and C ′′ be partitions of C0 such that C ′′ is the symmetric of C ′ w.r.t. A. First
of all, we show that robots can agree on a total order on points in C ′: given the axis A they can
agree on an orientation of the axis (suppose the contrary, then there should exists a second axis
intersecting A, that is excluded by hypothesis). We order the robots using the coordinates on A
from lowest to highest (robots with the same coordinate are ordered by their distance from the
axis). Let this order be order′. The analogous can be done for C ′′, let this order be order′′. An
example is in Figure 9. We merge these two orders by taking the first point in order′′, let it be p′′0 ,
the last point in order′, let it be p′n−1
2
, and by creating a common cyclic order on which p′′0 follows
p′n−1
2
. Symmetrically, the first point p′0 in order
′ follows the last point p′′n−1
2
in order′′.
Interestingly, without chirality, Visit-All is not solvable if the assumptions of Th. 9 do not hold:
Theorem 10. When n > 2 and there is no chirality, there exists no algorithm that solves Visit-All in
1-step from an initial configuration C0 if one of the following holds:
• C0 ∈ C
• There exists a symmetry axis of C0 intersecting a proper non-empty subset of C0.
• There are at least two symmetry axes of C0.
Proof. We prove the impossibility case by case:
• C0 ∈ C: this case derives directly from Theorem 2.
• There exists a symmetry axis A in C0 and A intersects a proper non-empty subset of C0: to solve
Visit-All we must have that a robot r outside of axis A eventually moves to a position on the axis,
let such a position be p. However, being A a symmetry axis, we must have a robot r′ symmetric
to r w.r.t. A. Robot r′ also moves to position p. Since both robots move to point p we reach a
configuration that is not in Π(C0).
• There are at least two symmetry axes in C0: let A and B be these axes. Let P, PA, PB , PAB be
the portions of the plane defined by the axes, see Figure 10. We can assume that no point in
C0 intersects the axis (otherwise we are in the previous case). Let r be a robot in P , and let
rA, rB , rAB be the symmetric robots with respect to axis A, B and both axes (see always Figure
10 for a reference), and let p, pA, pB , pAB be their respective positions in C0. Let us suppose,
by contradiction, that there exists an algorithm A solving Visit-All on C0, and let RA,C0 :
(C0, C1, C2, . . .) be the corresponding run. We examine the path of robot r among the points in
C0 in the run RA,C0 : (C0, C1, C2, . . .). Let us suppose, w.l.o.g., that in C1 robot r moves to a
point in PA (see the blue dotted path in the Figure 10). It is obvious that the local coordinate
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P
<latexit sha1_base64="iY8p fa1haxmqNEFz2odJ0 Bu1YDk=">AAACH3ic bVDLSsNAFJ34rPXV6 tLNYBVclUQEXRbcuG zBPqANZTK9rUNnJmH mRimhX+BWP8CvcSdu +zcmMQvbelaHc+7lH E4QSWHRdRfOxubW9s 5uaa+8f3B4dFypnnR sGBsObR7K0PQCZkEK DW0UKKEXGWAqkNANp veZ330GY0WoH3EWga /YRIux4AxTqdUcVmp u3c1B14lXkBop0BxW ndJgFPJYgUYumbV9z 43QT5hBwSXMy4PYQs T4lE2gn1LNFFg/yZv O6WVsGYY0AkOFpLkI fz8SpqydqSC9VAyf7 KqXif95/RjHd34idB QjaJ4FoZCQB1luRDo B0JEwgMiy5kCFppwZ hghGUMZ5KsbpJkuBK pYoTPgyX1bT8CAI5T zdzltdap10ruueW/d aN7XGRbFiiZyRc3JF PHJLGuSBNEmbcALkl byRd+fD+XS+nO/f0w 2n+DklS3AWPwLkovQ =</latexit><latexit sha1_base64="iY8p fa1haxmqNEFz2odJ0 Bu1YDk=">AAACH3ic bVDLSsNAFJ34rPXV6 tLNYBVclUQEXRbcuG zBPqANZTK9rUNnJmH mRimhX+BWP8CvcSdu +zcmMQvbelaHc+7lH E4QSWHRdRfOxubW9s 5uaa+8f3B4dFypnnR sGBsObR7K0PQCZkEK DW0UKKEXGWAqkNANp veZ330GY0WoH3EWga /YRIux4AxTqdUcVmp u3c1B14lXkBop0BxW ndJgFPJYgUYumbV9z 43QT5hBwSXMy4PYQs T4lE2gn1LNFFg/yZv O6WVsGYY0AkOFpLkI fz8SpqydqSC9VAyf7 KqXif95/RjHd34idB QjaJ4FoZCQB1luRDo B0JEwgMiy5kCFppwZ hghGUMZ5KsbpJkuBK pYoTPgyX1bT8CAI5T zdzltdap10ruueW/d aN7XGRbFiiZyRc3JF PHJLGuSBNEmbcALkl byRd+fD+XS+nO/f0w 2n+DklS3AWPwLkovQ =</latexit><latexit sha1_base64="iY8p fa1haxmqNEFz2odJ0 Bu1YDk=">AAACH3ic bVDLSsNAFJ34rPXV6 tLNYBVclUQEXRbcuG zBPqANZTK9rUNnJmH mRimhX+BWP8CvcSdu +zcmMQvbelaHc+7lH E4QSWHRdRfOxubW9s 5uaa+8f3B4dFypnnR sGBsObR7K0PQCZkEK DW0UKKEXGWAqkNANp veZ330GY0WoH3EWga /YRIux4AxTqdUcVmp u3c1B14lXkBop0BxW ndJgFPJYgUYumbV9z 43QT5hBwSXMy4PYQs T4lE2gn1LNFFg/yZv O6WVsGYY0AkOFpLkI fz8SpqydqSC9VAyf7 KqXif95/RjHd34idB QjaJ4FoZCQB1luRDo B0JEwgMiy5kCFppwZ hghGUMZ5KsbpJkuBK pYoTPgyX1bT8CAI5T zdzltdap10ruueW/d aN7XGRbFiiZyRc3JF PHJLGuSBNEmbcALkl byRd+fD+XS+nO/f0w 2n+DklS3AWPwLkovQ =</latexit><latexit sha1_base64="iY8p fa1haxmqNEFz2odJ0 Bu1YDk=">AAACH3ic bVDLSsNAFJ34rPXV6 tLNYBVclUQEXRbcuG zBPqANZTK9rUNnJmH mRimhX+BWP8CvcSdu +zcmMQvbelaHc+7lH E4QSWHRdRfOxubW9s 5uaa+8f3B4dFypnnR sGBsObR7K0PQCZkEK DW0UKKEXGWAqkNANp veZ330GY0WoH3EWga /YRIux4AxTqdUcVmp u3c1B14lXkBop0BxW ndJgFPJYgUYumbV9z 43QT5hBwSXMy4PYQs T4lE2gn1LNFFg/yZv O6WVsGYY0AkOFpLkI fz8SpqydqSC9VAyf7 KqXif95/RjHd34idB QjaJ4FoZCQB1luRDo B0JEwgMiy5kCFppwZ hghGUMZ5KsbpJkuBK pYoTPgyX1bT8CAI5T zdzltdap10ruueW/d aN7XGRbFiiZyRc3JF PHJLGuSBNEmbcALkl byRd+fD+XS+nO/f0w 2n+DklS3AWPwLkovQ =</latexit>
PA
<latexit sha1_bas e64="twql1HOsGFHqxe4LzRfxqdSyPzk=" >AAACI3icbVDNSsNAGNzUv1r/Wj16WayCp 5KIoMeKF48VTFtoQ9lsv9alm03Y/aKUkGf wqg/g03gTLx58F5OYg63OaZj5PmYYP5LCo G1/WpWV1bX1jepmbWt7Z3ev3tjvmjDWHFw eylD3fWZACgUuCpTQjzSwwJfQ82fXud97A G1EqO5wHoEXsKkSE8EZZpLbGSVX6ajetFt 2AfqXOCVpkhKdUcOqDschjwNQyCUzZuDYE XoJ0yi4hLQ2jA1EjM/YFAYZVSwA4yVF25S exIZhSCPQVEhaiPD7I2GBMfPAzy4Dhvdm2 cvF/7xBjJNLLxEqihEUz4NQSCiCDNcimwH oWGhAZHlzoEJRzjRDBC0o4zwT42yXhcAgl ih0+Jguqlm474cy385ZXuov6Z61HLvl3J4 328flilVySI7IKXHIBWmTG9IhLuFEkCfyT F6sV+vNerc+fk4rVvlzQBZgfX0DXSWktA= =</latexit><latexit sha1_bas e64="twql1HOsGFHqxe4LzRfxqdSyPzk=" >AAACI3icbVDNSsNAGNzUv1r/Wj16WayCp 5KIoMeKF48VTFtoQ9lsv9alm03Y/aKUkGf wqg/g03gTLx58F5OYg63OaZj5PmYYP5LCo G1/WpWV1bX1jepmbWt7Z3ev3tjvmjDWHFw eylD3fWZACgUuCpTQjzSwwJfQ82fXud97A G1EqO5wHoEXsKkSE8EZZpLbGSVX6ajetFt 2AfqXOCVpkhKdUcOqDschjwNQyCUzZuDYE XoJ0yi4hLQ2jA1EjM/YFAYZVSwA4yVF25S exIZhSCPQVEhaiPD7I2GBMfPAzy4Dhvdm2 cvF/7xBjJNLLxEqihEUz4NQSCiCDNcimwH oWGhAZHlzoEJRzjRDBC0o4zwT42yXhcAgl ih0+Jguqlm474cy385ZXuov6Z61HLvl3J4 328flilVySI7IKXHIBWmTG9IhLuFEkCfyT F6sV+vNerc+fk4rVvlzQBZgfX0DXSWktA= =</latexit><latexit sha1_bas e64="twql1HOsGFHqxe4LzRfxqdSyPzk=" >AAACI3icbVDNSsNAGNzUv1r/Wj16WayCp 5KIoMeKF48VTFtoQ9lsv9alm03Y/aKUkGf wqg/g03gTLx58F5OYg63OaZj5PmYYP5LCo G1/WpWV1bX1jepmbWt7Z3ev3tjvmjDWHFw eylD3fWZACgUuCpTQjzSwwJfQ82fXud97A G1EqO5wHoEXsKkSE8EZZpLbGSVX6ajetFt 2AfqXOCVpkhKdUcOqDschjwNQyCUzZuDYE XoJ0yi4hLQ2jA1EjM/YFAYZVSwA4yVF25S exIZhSCPQVEhaiPD7I2GBMfPAzy4Dhvdm2 cvF/7xBjJNLLxEqihEUz4NQSCiCDNcimwH oWGhAZHlzoEJRzjRDBC0o4zwT42yXhcAgl ih0+Jguqlm474cy385ZXuov6Z61HLvl3J4 328flilVySI7IKXHIBWmTG9IhLuFEkCfyT F6sV+vNerc+fk4rVvlzQBZgfX0DXSWktA= =</latexit><latexit sha1_bas e64="twql1HOsGFHqxe4LzRfxqdSyPzk=" >AAACI3icbVDNSsNAGNzUv1r/Wj16WayCp 5KIoMeKF48VTFtoQ9lsv9alm03Y/aKUkGf wqg/g03gTLx58F5OYg63OaZj5PmYYP5LCo G1/WpWV1bX1jepmbWt7Z3ev3tjvmjDWHFw eylD3fWZACgUuCpTQjzSwwJfQ82fXud97A G1EqO5wHoEXsKkSE8EZZpLbGSVX6ajetFt 2AfqXOCVpkhKdUcOqDschjwNQyCUzZuDYE XoJ0yi4hLQ2jA1EjM/YFAYZVSwA4yVF25S exIZhSCPQVEhaiPD7I2GBMfPAzy4Dhvdm2 cvF/7xBjJNLLxEqihEUz4NQSCiCDNcimwH oWGhAZHlzoEJRzjRDBC0o4zwT42yXhcAgl ih0+Jguqlm474cy385ZXuov6Z61HLvl3J4 328flilVySI7IKXHIBWmTG9IhLuFEkCfyT F6sV+vNerc+fk4rVvlzQBZgfX0DXSWktA= =</latexit>
PB
<latexit sha1_base64="TikK yiiU8+STkihTF3i7l 1uJwV0=">AAACI3ic bVDNSsNAGNzUv1r/W j16WayCp5KIoMeiF4 8VTFtoQ9lsv9alm03 Y/aKUkGfwqg/g03gT Lx58F5OYg63OaZj5P mYYP5LCoG1/WpWV1b X1jepmbWt7Z3ev3tj vmjDWHFweylD3fWZA CgUuCpTQjzSwwJfQ8 2fXud97AG1EqO5wHo EXsKkSE8EZZpLbGSV X6ajetFt2AfqXOCVp khKdUcOqDschjwNQy CUzZuDYEXoJ0yi4hL Q2jA1EjM/YFAYZVSw A4yVF25SexIZhSCPQ VEhaiPD7I2GBMfPAz y4Dhvdm2cvF/7xBjJ NLLxEqihEUz4NQSCi CDNcimwHoWGhAZHlz oEJRzjRDBC0o4zwT4 2yXhcAglih0+Jguql m474cy385ZXuov6Z6 1HLvl3J4328flilVy SI7IKXHIBWmTG9IhL uFEkCfyTF6sV+vNer c+fk4rVvlzQBZgfX0 DXuGktQ==</latexi t><latexit sha1_base64="TikK yiiU8+STkihTF3i7l 1uJwV0=">AAACI3ic bVDNSsNAGNzUv1r/W j16WayCp5KIoMeiF4 8VTFtoQ9lsv9alm03 Y/aKUkGfwqg/g03gT Lx58F5OYg63OaZj5P mYYP5LCoG1/WpWV1b X1jepmbWt7Z3ev3tj vmjDWHFweylD3fWZA CgUuCpTQjzSwwJfQ8 2fXud97AG1EqO5wHo EXsKkSE8EZZpLbGSV X6ajetFt2AfqXOCVp khKdUcOqDschjwNQy CUzZuDYEXoJ0yi4hL Q2jA1EjM/YFAYZVSw A4yVF25SexIZhSCPQ VEhaiPD7I2GBMfPAz y4Dhvdm2cvF/7xBjJ NLLxEqihEUz4NQSCi CDNcimwHoWGhAZHlz oEJRzjRDBC0o4zwT4 2yXhcAglih0+Jguql m474cy385ZXuov6Z6 1HLvl3J4328flilVy SI7IKXHIBWmTG9IhL uFEkCfyTF6sV+vNer c+fk4rVvlzQBZgfX0 DXuGktQ==</latexi t><latexit sha1_base64="TikK yiiU8+STkihTF3i7l 1uJwV0=">AAACI3ic bVDNSsNAGNzUv1r/W j16WayCp5KIoMeiF4 8VTFtoQ9lsv9alm03 Y/aKUkGfwqg/g03gT Lx58F5OYg63OaZj5P mYYP5LCoG1/WpWV1b X1jepmbWt7Z3ev3tj vmjDWHFweylD3fWZA CgUuCpTQjzSwwJfQ8 2fXud97AG1EqO5wHo EXsKkSE8EZZpLbGSV X6ajetFt2AfqXOCVp khKdUcOqDschjwNQy CUzZuDYEXoJ0yi4hL Q2jA1EjM/YFAYZVSw A4yVF25SexIZhSCPQ VEhaiPD7I2GBMfPAz y4Dhvdm2cvF/7xBjJ NLLxEqihEUz4NQSCi CDNcimwHoWGhAZHlz oEJRzjRDBC0o4zwT4 2yXhcAglih0+Jguql m474cy385ZXuov6Z6 1HLvl3J4328flilVy SI7IKXHIBWmTG9IhL uFEkCfyTF6sV+vNer c+fk4rVvlzQBZgfX0 DXuGktQ==</latexi t><latexit sha1_base64="TikK yiiU8+STkihTF3i7l 1uJwV0=">AAACI3ic bVDNSsNAGNzUv1r/W j16WayCp5KIoMeiF4 8VTFtoQ9lsv9alm03 Y/aKUkGfwqg/g03gT Lx58F5OYg63OaZj5P mYYP5LCoG1/WpWV1b X1jepmbWt7Z3ev3tj vmjDWHFweylD3fWZA CgUuCpTQjzSwwJfQ8 2fXud97AG1EqO5wHo EXsKkSE8EZZpLbGSV X6ajetFt2AfqXOCVp khKdUcOqDschjwNQy CUzZuDYEXoJ0yi4hL Q2jA1EjM/YFAYZVSw A4yVF25SexIZhSCPQ VEhaiPD7I2GBMfPAz y4Dhvdm2cvF/7xBjJ NLLxEqihEUz4NQSCi CDNcimwHoWGhAZHlz oEJRzjRDBC0o4zwT4 2yXhcAglih0+Jguql m474cy385ZXuov6Z6 1HLvl3J4328flilVy SI7IKXHIBWmTG9IhL uFEkCfyTF6sV+vNer c+fk4rVvlzQBZgfX0 DXuGktQ==</latexi t>
PAB
<latexit sha1_bas e64="oBSMC3W7Yxp3H+ICcaqD7+PShBY=" >AAACJHicbVC5TsNAFNzlDOFKoKRZEZCoI hshQRmgoQwSOaTEitabl7BkfWj3GRRZ/gd a+AC+hg5R0PAt2MYFSZhqNPOeZjRuqKRBy /qiS8srq2vrpY3y5tb2zm6lutc2QaQFtES gAt11uQElfWihRAXdUAP3XAUdd3Kd+Z1H0 EYG/h1OQ3A8PvblSAqOqdRuDuLLq2RQqVl 1KwdbJHZBaqRAc1Clpf4wEJEHPgrFjenZV ohOzDVKoSAp9yMDIRcTPoZeSn3ugXHivG7 CjiPDMWAhaCYVy0X4+xFzz5ip56aXHsd7M +9l4n9eL8LRhRNLP4wQfJEFoVSQBxmhZbo DsKHUgMiz5sCkzwTXHBG0ZFyIVIzSYWYCv Uih1MFTMqum4a4bqGw7e36pRdI+rdtW3b4 9qzWOihVL5IAckhNik3PSIDekSVpEkAfyT F7IK32j7/SDfv6eLtHiZ5/MgH7/APYrpQA =</latexit><latexit sha1_bas e64="oBSMC3W7Yxp3H+ICcaqD7+PShBY=" >AAACJHicbVC5TsNAFNzlDOFKoKRZEZCoI hshQRmgoQwSOaTEitabl7BkfWj3GRRZ/gd a+AC+hg5R0PAt2MYFSZhqNPOeZjRuqKRBy /qiS8srq2vrpY3y5tb2zm6lutc2QaQFtES gAt11uQElfWihRAXdUAP3XAUdd3Kd+Z1H0 EYG/h1OQ3A8PvblSAqOqdRuDuLLq2RQqVl 1KwdbJHZBaqRAc1Clpf4wEJEHPgrFjenZV ohOzDVKoSAp9yMDIRcTPoZeSn3ugXHivG7 CjiPDMWAhaCYVy0X4+xFzz5ip56aXHsd7M +9l4n9eL8LRhRNLP4wQfJEFoVSQBxmhZbo DsKHUgMiz5sCkzwTXHBG0ZFyIVIzSYWYCv Uih1MFTMqum4a4bqGw7e36pRdI+rdtW3b4 9qzWOihVL5IAckhNik3PSIDekSVpEkAfyT F7IK32j7/SDfv6eLtHiZ5/MgH7/APYrpQA =</latexit><latexit sha1_bas e64="oBSMC3W7Yxp3H+ICcaqD7+PShBY=" >AAACJHicbVC5TsNAFNzlDOFKoKRZEZCoI hshQRmgoQwSOaTEitabl7BkfWj3GRRZ/gd a+AC+hg5R0PAt2MYFSZhqNPOeZjRuqKRBy /qiS8srq2vrpY3y5tb2zm6lutc2QaQFtES gAt11uQElfWihRAXdUAP3XAUdd3Kd+Z1H0 EYG/h1OQ3A8PvblSAqOqdRuDuLLq2RQqVl 1KwdbJHZBaqRAc1Clpf4wEJEHPgrFjenZV ohOzDVKoSAp9yMDIRcTPoZeSn3ugXHivG7 CjiPDMWAhaCYVy0X4+xFzz5ip56aXHsd7M +9l4n9eL8LRhRNLP4wQfJEFoVSQBxmhZbo DsKHUgMiz5sCkzwTXHBG0ZFyIVIzSYWYCv Uih1MFTMqum4a4bqGw7e36pRdI+rdtW3b4 9qzWOihVL5IAckhNik3PSIDekSVpEkAfyT F7IK32j7/SDfv6eLtHiZ5/MgH7/APYrpQA =</latexit><latexit sha1_bas e64="oBSMC3W7Yxp3H+ICcaqD7+PShBY=" >AAACJHicbVC5TsNAFNzlDOFKoKRZEZCoI hshQRmgoQwSOaTEitabl7BkfWj3GRRZ/gd a+AC+hg5R0PAt2MYFSZhqNPOeZjRuqKRBy /qiS8srq2vrpY3y5tb2zm6lutc2QaQFtES gAt11uQElfWihRAXdUAP3XAUdd3Kd+Z1H0 EYG/h1OQ3A8PvblSAqOqdRuDuLLq2RQqVl 1KwdbJHZBaqRAc1Clpf4wEJEHPgrFjenZV ohOzDVKoSAp9yMDIRcTPoZeSn3ugXHivG7 CjiPDMWAhaCYVy0X4+xFzz5ip56aXHsd7M +9l4n9eL8LRhRNLP4wQfJEFoVSQBxmhZbo DsKHUgMiz5sCkzwTXHBG0ZFyIVIzSYWYCv Uih1MFTMqum4a4bqGw7e36pRdI+rdtW3b4 9qzWOihVL5IAckhNik3PSIDekSVpEkAfyT F7IK32j7/SDfv6eLtHiZ5/MgH7/APYrpQA =</latexit>
r
<latexit sha1_base64="93Wq ImJlm2ej9NeiDxMy0 tsjhXY=">AAACH3ic bVDJSgNBFOx2jXFL9 OilMQqewowIegx48Z iAWSAZQk/nJTbpWeh +rYQhX+BVP8Cv8SZe 8zfOjHMwiXUqqt6ji vJjJQ06zoJubG5t7+ yW9sr7B4dHx5XqScd EVgtoi0hFuudzA0qG 0EaJCnqxBh74Crr+9 D7zu8+gjYzCR5zF4A V8EsqxFBxTqaWHlZp Td3KwdeIWpEYKNIdV WhqMImEDCFEobkzfd WL0Eq5RCgXz8sAaiL mY8gn0UxryAIyX5E3 n7NIajhGLQTOpWC7C 34+EB8bMAj+9DDg+m VUvE//z+hbHd14iw9 gihCILQqkgDzJCy3Q CYCOpAZFnzYHJkAmu OSJoybgQqWjTTZYCA 6tQ6uhlvqym4b4fqX m6nbu61DrpXNddp+6 2bmqNi2LFEjkj5+SK uOSWNMgDaZI2EQTIK 3kj7/SDftIv+v17uk GLn1OyBLr4AT26oxY =</latexit><latexit sha1_base64="93Wq ImJlm2ej9NeiDxMy0 tsjhXY=">AAACH3ic bVDJSgNBFOx2jXFL9 OilMQqewowIegx48Z iAWSAZQk/nJTbpWeh +rYQhX+BVP8Cv8SZe 8zfOjHMwiXUqqt6ji vJjJQ06zoJubG5t7+ yW9sr7B4dHx5XqScd EVgtoi0hFuudzA0qG 0EaJCnqxBh74Crr+9 D7zu8+gjYzCR5zF4A V8EsqxFBxTqaWHlZp Td3KwdeIWpEYKNIdV WhqMImEDCFEobkzfd WL0Eq5RCgXz8sAaiL mY8gn0UxryAIyX5E3 n7NIajhGLQTOpWC7C 34+EB8bMAj+9DDg+m VUvE//z+hbHd14iw9 gihCILQqkgDzJCy3Q CYCOpAZFnzYHJkAmu OSJoybgQqWjTTZYCA 6tQ6uhlvqym4b4fqX m6nbu61DrpXNddp+6 2bmqNi2LFEjkj5+SK uOSWNMgDaZI2EQTIK 3kj7/SDftIv+v17uk GLn1OyBLr4AT26oxY =</latexit><latexit sha1_base64="93Wq ImJlm2ej9NeiDxMy0 tsjhXY=">AAACH3ic bVDJSgNBFOx2jXFL9 OilMQqewowIegx48Z iAWSAZQk/nJTbpWeh +rYQhX+BVP8Cv8SZe 8zfOjHMwiXUqqt6ji vJjJQ06zoJubG5t7+ yW9sr7B4dHx5XqScd EVgtoi0hFuudzA0qG 0EaJCnqxBh74Crr+9 D7zu8+gjYzCR5zF4A V8EsqxFBxTqaWHlZp Td3KwdeIWpEYKNIdV WhqMImEDCFEobkzfd WL0Eq5RCgXz8sAaiL mY8gn0UxryAIyX5E3 n7NIajhGLQTOpWC7C 34+EB8bMAj+9DDg+m VUvE//z+hbHd14iw9 gihCILQqkgDzJCy3Q CYCOpAZFnzYHJkAmu OSJoybgQqWjTTZYCA 6tQ6uhlvqym4b4fqX m6nbu61DrpXNddp+6 2bmqNi2LFEjkj5+SK uOSWNMgDaZI2EQTIK 3kj7/SDftIv+v17uk GLn1OyBLr4AT26oxY =</latexit><latexit sha1_base64="93Wq ImJlm2ej9NeiDxMy0 tsjhXY=">AAACH3ic bVDJSgNBFOx2jXFL9 OilMQqewowIegx48Z iAWSAZQk/nJTbpWeh +rYQhX+BVP8Cv8SZe 8zfOjHMwiXUqqt6ji vJjJQ06zoJubG5t7+ yW9sr7B4dHx5XqScd EVgtoi0hFuudzA0qG 0EaJCnqxBh74Crr+9 D7zu8+gjYzCR5zF4A V8EsqxFBxTqaWHlZp Td3KwdeIWpEYKNIdV WhqMImEDCFEobkzfd WL0Eq5RCgXz8sAaiL mY8gn0UxryAIyX5E3 n7NIajhGLQTOpWC7C 34+EB8bMAj+9DDg+m VUvE//z+hbHd14iw9 gihCILQqkgDzJCy3Q CYCOpAZFnzYHJkAmu OSJoybgQqWjTTZYCA 6tQ6uhlvqym4b4fqX m6nbu61DrpXNddp+6 2bmqNi2LFEjkj5+SK uOSWNMgDaZI2EQTIK 3kj7/SDftIv+v17uk GLn1OyBLr4AT26oxY =</latexit>
rA
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Figure 10: Two symmetry axes in C0 and no chirality.
systems of the robots could be such that: robot rA will do a symmetric move to a point in P , robot
rAB a symmetric move to PB (see the red path in Figure 10), and so on. Let t be the first round
at which r moves to a location in {pA, pB , pAB}. Since A solves Visit-All such a round t must
exist, and w.l.o.g let us suppose that r visits first the location pAB . By symmetry considerations
we have that, at round t, also robot rAB has to move to location p (recall that p is the location
occupied by r in C0). Therefore, from round 0 to t robots r and rAB have walked on a closed path,
let it be CP , between some locations of C0 that includes p and pAB but which does not include
pA, pB (this comes directly from the definition of t). The CP path is represented in Figure 10 as
the union of the red path, the blue paths and the clouds; clouds represent the move made by r and
rAB between rounds 3 and t. Since A is an algorithm for oblivious robot, this implies that robots
r and rAB will only visit points in CP also in future rounds. Therefore, A cannot be correct.
To summarize, we have the following:
Theorem 11. In systems without chirality, Visit-All is solvable in 1-step if and only if C0 6∈ C and
either there are no symmetry axes in C0, or there exists a unique symmetry axis that does not intersect
any point of C0.
4.3 2-step Algorithms
In this section we show that using 2-step algorithms does not help in enlarging the class of solvable
configurations.
4.3.1 Move-All
Obviously, Theorem 4 holds also when there is no chirality. One may wonder whether is possible to solve
Move-All with a 2-step algorithm when C0 has a symmetry axis with a unique robot on it. However,
the argument used in Theorem 4 can be adapted also for this case showing that this is impossible.
Theorem 12. When there exists an axis of symmetry in C0 containing a single robot and there is no
chirality, then there exists no 2-steps algorithm that solves Move-All.
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Proof. Consider a configuration C0 and let A be an axis with a single robot on it. Let us assume that
algorithm A is a correct 2-step algorithm that solves Move-All starting from C0, and let RA,C0 :
(C0, C1, C2, C3, . . .). Let r be the robot in A and let p be its position. In configuration C1 robot r has
to move to break the symmetry in such a way that in configuration C2 another robot could substitute r
on A. Suppose the contrary, if r remains on the axis in C1 the all the other robots will be symmetric.
Therefore, in C2 is not possible for a single robot, different than r, to reach position p. Therefore let p
′
be the position of r in C1.
Let r′ be the robot that exchanges position with r in configuration C2. It is clear that if r′ has a
different local coordinate system than r, then in configuration C3 it will move to a position p
′′ 6= p′.
Therefore, we have C3 6∈ Π(C1), violating the Move-All specification (see Lemma 1).
From the previous theorem and Theorem 4, we have:
Theorem 13. When the system has no chirality, Move-All is not solvable in 2-steps, from an initial
configuration C0, if C0 ∈ C, or if there exists an axis of symmetry in C0 containing a single robot.
4.3.2 Visit-All
Theorem 14. When n > 2 and there is no chirality, Visit-All is not solvable in 2-steps, from an
initial configuration C0, if one of the following holds:
• C0 ∈ C
• There exists a symmetry axis A of C0 intersecting a proper non-empty subset of C0.
• There are at least two symmetry axes of C0.
Proof. We prove the theorem case by case:
1. C0 ∈ C: this case derives directly from Theorem 4.
2. There exists a symmetry axis in C0 and it intersects a proper non-empty subset of C0.
Let us assume that algorithm A is a correct 2-step algorithm that solves Visit-All starting
from C0, and let RA,C0 : (C0, C1, C2, C3, . . .). It is clear that, to break the symmetry, in each
configuration Cj , with j odd, the symmetry has to be broken by moving one of the robots located
on the symmetry axis. Let p be the position of this robot in Cj−1, note that such a position is
the always the same: the decision on which robot has to move is taken always on configurations
that are permutations of C0, thus it will always move a robot to the same specific position. Let
rx and ry be two robots with different local references systems. Since A solves Visit-All there
must exist a configuration Cjx where robot rx is in position p; analogously, there must exist a
Cjy where robot ry is in position p. In configuration Cjx+1 robot rx has to move outside of the
axis. The same happens to ry in configuration Cjy+1. However, the coordinate systems could be
such that Cjx+1 6∈ Π(Cjy+1), and by Lemma 1, this violate the specification of Visit-All: rx and
ry decides where to move by looking at exactly the same snapshot; therefore, they will move on
opposite locations of the axis if their local coordinate systems have opposite chirality.
3. There are at least two symmetry axes of C0: first of all we can assume that it does not exist an
axis of C0 containing robots, otherwise we boil down to previous case. For any possible movements
of robots, they have to keep the same symmetry. This implies that the argument of Thm. 10 still
applies.
5 Oblivious Robots with Visible Coordinate Systems and Chi-
rality
In this section, we assume that each robot can see the coordinate system of all robots and the system
has chirality. As we have seen in Section 3, with chirality, the only configurations in which Visit-All
cannot be solved are the ones in C. We now present a Voting algorithm that solves Visit-All also
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starting from these configurations, provided that robots have this extra knowledge of the coordinate
systems of other robots. The algorithm (see Algorithm 5) uses Procedure innerPolygon, which takes
a configuration C and returns only the points on the smallest non degenerate circle having the same
center as SEC(C) and passing through at least one point of C (e.g. see the white points in Figure 11a).
When C0 6∈ C, the algorithm uses the Order procedure from Section 3. In case the initial configu-
ration is in C, the algorithm implements a voting procedure to elect a unique vertex of the innermost
non-degenerate polygon P computed by Procedure innerPolygon. (see, an example in Figure 16).
The vote of a robot r is computed by translating its coordinate system to the center of SEC(C0). The
vote of r will be given to the point of P that forms the smallest counter-clockwise angle with the x-axis
of the translated system. Since the number of robots is co-prime to the size of P , a unique vertex (robot)
can be elected and the elected point is used to break the symmetry and compute a total order among
the robots. As before, the robots use this total order to move cyclically solving Visit-All.
Algorithm 5 Order Algorithm when robots have visible coordinate systems.
procedure getVote(Polygon P , robot r)
o = getCenter(P )
Le robot pv in P be the robot that forms the smallest clockwise angle with the x-axis of the
coordinate system Zr of robot r, when Zr is translated in o.
return pv
procedure Voting(Configuration C)
P = innerPolygon(C)
V=vector of size |P | with all entries equal to 0.
for all r ∈ C do
rv = getV ote(P, r)
V [v] = V [v] + 1
pl = elect one robot in P using the votes in V .
return pl
procedure Order(Configuration C)
if C ∈ C then
pl = V oting(C)
Compute a cyclic order on positions in C using the leader robot pl.
else
Compute an order using Order(C) of Algorithm 2 in Section 3.1.
return the cyclic order computed
Theorem 15. If each robot can see the axes of the others and there is chirality, then there exists a 1-step
algorithm solving Visit-All for any initial configuration C0.
Proof. We have to prove the correctness of Algorithm 5 only for configurations in C. Let k be the
symmetricity of the initial configuration C0 without the central robot, and let P be the innermost non
degenerate β · k-gon in C0 with β ∈ N+.
The key observation is that n = (α+β) · k+ 1 for some α ∈ N+. We now show that no matter which
robot calls procedure Voting, the procedure returns always the same point in P . Voting iterates over
all robots, and computes the vote of each robot r ∈ C0. The vote is computed by first translating the
coordinate system of r to the center of configuration C0 and then taking as voted robot rv, the one
that makes the smallest counter-clockwise angle with the x-axis of the translated coordinate system. An
example of the voting procedure is in Figure 11. First of all note that the result of the Voting procedure
is independent from the robot that is executing it, and it always returns the same distribution of votes
for points in P , even if we permute the robots in C0.
We now show that the distribution of votes cannot be symmetric, and one robot in P can be elected.
The proof is by contradiction. Let us assume that there exists an axial symmetry on the distribution
of votes. The symmetry axis may cross two robots, one robot, or none. In case it crosses only one robot,
then we elect that robot as leader. If the axis crosses two robots or none, then the number of votes must
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(b) Robot r computes the vote of r′: it first trans-
late the coordinate system of r′ in the central robot,
then it assigns the vote to vertex a in P . This
vertices is voted since is the one, among all the
other vertices of P , that forms the smallest counter-
clockwise angle with the axis x of r′.
r
2 6
1
(c) Votes distribution and induced
cyclic order.
Figure 11: Robots with visible coordinate system, voting procedure.
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be even and so the number of points in P , that is β · k; but this is obviously impossible since β · k and
n are co-prime.
Let us assume that there exists a rotational symmetry on the votes. Then, there exists a proper
divisor d > 1 of β · k and an ordering of the robots in P such that d · (V [1] + V [2] + . . . + V [βkd ]) = n,
where V [j] is the number of votes for a point of P in position j of the aforementioned ordering. Notice
that this would imply that n and βk are not co-prime, which is a contradiction.
It follows that it is always possible to elect a leader in P using the votes.
Therefore, procedure Voting returns the same leader robot p ∈ P for any permutation of the robots
in C0. It is obvious that the presence of p breaks the symmetry of the configuration and it allows to
compute a total order among positions in C0 shared by all robots. Once this total order is given the
solution is immediate.
6 Robots with one bit of Persistent Memory
Motivated by the impossibility result of Theorem 4, we investigate robots with some persistent memory.
Interestingly, we show that a single bit of memory is sufficient to overcome the impossibility, and solve
Visit-All using a 2-step algorithm. Note that we cannot overcome the impossibility using 1-step
algorithms, as Theorem 2 holds even if the robots are equipped with an infinite amount of memory.
We present the 2-step algorithm below (Algorithm 6) for n ≥ 3 robots.
Algorithm 6 2-step Visit-All with one bit of memory.
1: procedure Init
2: b = 0
3:
4: C ← Look
5:
6: procedure Compute(Configuration C)
7: if C 6∈ C ∧ b = 0 then
8: Compute an order using Algorithm 2 with input C.
9: Permute robots according to the computed order.
10: else if C ∈ C ∧ b = 0 then
11: b=1
12: if I am the central robot then
13: Compute a destination point v =ComputeMovementCentral(C).
14: set destination as v
15: else if C ∈ C ∧ b = 1 then
16: compute a destination point v =ComputeMovementNotCentral(C).
17: set destination as v
18: else if C 6∈ C ∧ b = 1 then
19: (C ′, p′, Leader) =Reconstruct(C)
20: Compute a cyclic order p0, p1, . . . , pn−1 of positions in C ′ using the pivot robot p′.
21: if I am the Leader then
22: b=1
23: else
24: b=0
25: if my position in C ′ was pi then
26: set destination as p(i+1) mod n
27:
28: Move: to destination
Intuitive description of the algorithm. The general idea is to use alternate rounds of communication
and formation of the actual permutation. In the communication round, the robots create a special
intermediate configuration that provides a total order on the robots; In the subsequent round they
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reconstruct the initial pattern forming the permutation of the initial configuration. The memory bit
is crucial to distinguish the intermediate configuration from the initial configuration. If the initial
configuration C0 6∈ C then the robots follow the 1-step algorithm described in Section 3 and we will
show that this does not conflict with the rest of the algorithm designed for the case when C0 ∈ C, as
described below.
Initially every robot has the bit b set to 0. When a robot observes that the configuration is in C
and bit b is 0, it sets the bit to 1 to remember that the initial configuration C0 ∈ C. The central robot
rl in C0 takes the role of Leader and performs a special move to create the intermediate configuration
C1 that is not in C but from C1, it is possible to reconstruct the initial configuration C0 or any
permutation of it (This move is determined by procedure ComputeMovementCentral described in
the next paragraph).
A key point of the algorithm is that the Leader robot remains invariant. At the next activation, the
robots observe a configuration that is not in C and they have bit b = 1; this indicates that this is an
intermediate configuration and the robots move to reconstruct a configuration C2 = Π(C0). With the
exception of the Leader rl whose memory bit b is always set to 1, all the other robots will now reset their
bit b to 0.
In the next round, the robots are in configuration C2, where the central robot rc is not rl (the
robots have performed one cyclic permutation). At this point, the robot rl is the unique robot whose
bit b = 1. All other robots have b = 1 and they behave similarly as in the first round, including robot rc
which moves like the central robot moved in C0. However, the leader robot rl also moves at the same
time, in a special way (as described in procedure ComputeMovementNotCentral presented in the
next paragraph). The combination of moves of the leader robot and the central robot allows the robots
not only to reconstruct the initial configuration, but also to uniquely identify a “pivot” point in the
pattern (see Figure 14), which is kept invariant during the algorithm. The reconstruction is executed by
procedure Reconstruct whose details are discussed below. The recognition of the pivot point allows
the robots agree on the same cyclic ordering of the points in the initial pattern, thus allowing cyclic
permutations of the robots.
A pictorial representation of the algorithm is presented in Figure 12.
Movements of rl and rc. This paragraph discusses the implementation details of functions Com-
puteMovementCentral and ComputeMovementNotCentral used in Algorithm 6. In particular,
special care has to be taken to design the movements of the robot leader rl and of the central robot
rc, if different from rl. Such movements have to be done in such a way to break the symmetry of the
configuration by electing always the same pivot position p′, and to make the central configuration recon-
structable. Let C be a generic central configuration in Π(C0). Let P0, P1, . . . , Pm be a decomposition
of C in concentric circles, where each Pj is a circle, P0 is the degenerate circle constituted by the only
central robot, and P1 is the innermost non-degenerate polygon on which p
′ resides (see Figure 13).
The function ComputeMovementCentral, called by robot rc, executes the following movements
according to the number of robots n:
• n = 3 (Case C1): In such a case, since C ∈ C, the robots are on a single line. Let s be the segment
containing all robots. Robot rc moves perpendicularly to s of a distance d =
|s|
2 . The direction
is chosen such that the pivot position p′ will be the one of the first robot encountered travelling
along the arcs that connect the endpoints of s and rc in the clockwise direction (see Figure 16a).
• n > 3 (Case C2): Robot rc chooses a robot position p′ on P1 as pivot. It moves on the segment
connecting c and p′ of a small distance (much smaller then the radius of P1). See Figure 14.
Robot rl, when different from rc, executes the following movements according to n (such movements
are computed by the function ComputeMovementNotCentral):
• n = 3. (Case L1): (Robots on a single line): Robot rl moves on s by a small distance, creating
a new segment s′. The pivot position p′ will be indicated by the direction that goes from the old
center of s to the new center of s′ (see Figure 16b).
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<latexi t sha1_base64 ="vBagK8TkXoQ 1N7d4hCyXfzpT LxI=">AAACIXi cbVDLSsNAFJ2p r1pfrS7dDBbBV UlE0GXBjcuK9g FtKJPpbR06yY SZG6WEfoJb/QC /xp24E3/GJGZh W8/qcM69nMPxI yUtOs4XLa2tb2 xulbcrO7t7+wf V2mHH6tgIaAut tOn53IKSIbRRo oJeZIAHvoKuP7 3O/O4jGCt1eI+ zCLyAT0I5loJj Kt2Z4cWwWncaT g62StyC1EmB1r BGy4ORFnEAIQr Fre27ToRewg1K oWBeGcQWIi6m fAL9lIY8AOsle dc5O40tR80iME wqlovw9yPhgbW zwE8vA44PdtnL xP+8fozjKy+RY RQjhCILQqkgD7 LCyHQEYCNpAJF nzYHJkAluOCIY ybgQqRinqywEB rFCafTTfFFNw3 1fq3m6nbu81Cr pnDdcp+HeXtSb TrFimRyTE3JGX HJJmuSGtEibCD Ihz+SFvNI3+k4 /6OfvaYkWP0d kAfT7B4tBo8k= </latexit><latexi t sha1_base64 ="vBagK8TkXoQ 1N7d4hCyXfzpT LxI=">AAACIXi cbVDLSsNAFJ2p r1pfrS7dDBbBV UlE0GXBjcuK9g FtKJPpbR06yY SZG6WEfoJb/QC /xp24E3/GJGZh W8/qcM69nMPxI yUtOs4XLa2tb2 xulbcrO7t7+wf V2mHH6tgIaAut tOn53IKSIbRRo oJeZIAHvoKuP7 3O/O4jGCt1eI+ zCLyAT0I5loJj Kt2Z4cWwWncaT g62StyC1EmB1r BGy4ORFnEAIQr Fre27ToRewg1K oWBeGcQWIi6m fAL9lIY8AOsle dc5O40tR80iME wqlovw9yPhgbW zwE8vA44PdtnL xP+8fozjKy+RY RQjhCILQqkgD7 LCyHQEYCNpAJF nzYHJkAluOCIY ybgQqRinqywEB rFCafTTfFFNw3 1fq3m6nbu81Cr pnDdcp+HeXtSb TrFimRyTE3JGX HJJmuSGtEibCD Ihz+SFvNI3+k4 /6OfvaYkWP0d kAfT7B4tBo8k= </latexit><latexi t sha1_base64 ="vBagK8TkXoQ 1N7d4hCyXfzpT LxI=">AAACIXi cbVDLSsNAFJ2p r1pfrS7dDBbBV UlE0GXBjcuK9g FtKJPpbR06yY SZG6WEfoJb/QC /xp24E3/GJGZh W8/qcM69nMPxI yUtOs4XLa2tb2 xulbcrO7t7+wf V2mHH6tgIaAut tOn53IKSIbRRo oJeZIAHvoKuP7 3O/O4jGCt1eI+ zCLyAT0I5loJj Kt2Z4cWwWncaT g62StyC1EmB1r BGy4ORFnEAIQr Fre27ToRewg1K oWBeGcQWIi6m fAL9lIY8AOsle dc5O40tR80iME wqlovw9yPhgbW zwE8vA44PdtnL xP+8fozjKy+RY RQjhCILQqkgD7 LCyHQEYCNpAJF nzYHJkAluOCIY ybgQqRinqywEB rFCafTTfFFNw3 1fq3m6nbu81Cr pnDdcp+HeXtSb TrFimRyTE3JGX HJJmuSGtEibCD Ihz+SFvNI3+k4 /6OfvaYkWP0d kAfT7B4tBo8k= </latexit><latexi t sha1_base64 ="vBagK8TkXoQ 1N7d4hCyXfzpT LxI=">AAACIXi cbVDLSsNAFJ2p r1pfrS7dDBbBV UlE0GXBjcuK9g FtKJPpbR06yY SZG6WEfoJb/QC /xp24E3/GJGZh W8/qcM69nMPxI yUtOs4XLa2tb2 xulbcrO7t7+wf V2mHH6tgIaAut tOn53IKSIbRRo oJeZIAHvoKuP7 3O/O4jGCt1eI+ zCLyAT0I5loJj Kt2Z4cWwWncaT g62StyC1EmB1r BGy4ORFnEAIQr Fre27ToRewg1K oWBeGcQWIi6m fAL9lIY8AOsle dc5O40tR80iME wqlovw9yPhgbW zwE8vA44PdtnL xP+8fozjKy+RY RQjhCILQqkgD7 LCyHQEYCNpAJF nzYHJkAluOCIY ybgQqRinqywEB rFCafTTfFFNw3 1fq3m6nbu81Cr pnDdcp+HeXtSb TrFimRyTE3JGX HJJmuSGtEibCD Ihz+SFvNI3+k4 /6OfvaYkWP0d kAfT7B4tBo8k= </latexit>
(a) round r = 0 (communication round): only the cen-
tral agent rl moves.
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rl<latexit sha1_base64="LNvhwzMra BUzSiutdgUPQhhNnP4=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgqiQi6LLgx mVF+4A2lMn0tg6dyYSZG6WUfIJb/QC/xp24E3/GJGZhW8/qcM69nMMJIiksuu6 XU1pb39jcKm9Xdnb39g+qtcOO1bHh0OZaatMLmAUpQmijQAm9yABTgYRuML3O/ O4jGCt0eI+zCHzFJqEYC84wle7MUA6rdbfh5qCrxCtInRRoDWtOeTDSPFYQIpf M2r7nRujPmUHBJSSVQWwhYnzKJtBPacgUWH+ed03oaWwZahqBoULSXIS/H3Omr J2pIL1UDB/sspeJ/3n9GMdX/lyEUYwQ8iwIhYQ8yHIj0hGAjoQBRJY1BypCyp lhiGAEZZynYpyushCoYonC6KdkUU3Dg0DLJN3OW15qlXTOG57b8G4v6k23WLFM jskJOSMeuSRNckNapE04mZBn8kJenTfn3flwPn9PS07xc0QW4Hz/AOwppAE=</ latexit><latexit sha1_base64="LNvhwzMra BUzSiutdgUPQhhNnP4=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgqiQi6LLgx mVF+4A2lMn0tg6dyYSZG6WUfIJb/QC/xp24E3/GJGZhW8/qcM69nMMJIiksuu6 XU1pb39jcKm9Xdnb39g+qtcOO1bHh0OZaatMLmAUpQmijQAm9yABTgYRuML3O/ O4jGCt0eI+zCHzFJqEYC84wle7MUA6rdbfh5qCrxCtInRRoDWtOeTDSPFYQIpf M2r7nRujPmUHBJSSVQWwhYnzKJtBPacgUWH+ed03oaWwZahqBoULSXIS/H3Omr J2pIL1UDB/sspeJ/3n9GMdX/lyEUYwQ8iwIhYQ8yHIj0hGAjoQBRJY1BypCyp lhiGAEZZynYpyushCoYonC6KdkUU3Dg0DLJN3OW15qlXTOG57b8G4v6k23WLFM jskJOSMeuSRNckNapE04mZBn8kJenTfn3flwPn9PS07xc0QW4Hz/AOwppAE=</ latexit><latexit sha1_base64="LNvhwzMra BUzSiutdgUPQhhNnP4=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgqiQi6LLgx mVF+4A2lMn0tg6dyYSZG6WUfIJb/QC/xp24E3/GJGZhW8/qcM69nMMJIiksuu6 XU1pb39jcKm9Xdnb39g+qtcOO1bHh0OZaatMLmAUpQmijQAm9yABTgYRuML3O/ O4jGCt0eI+zCHzFJqEYC84wle7MUA6rdbfh5qCrxCtInRRoDWtOeTDSPFYQIpf M2r7nRujPmUHBJSSVQWwhYnzKJtBPacgUWH+ed03oaWwZahqBoULSXIS/H3Omr J2pIL1UDB/sspeJ/3n9GMdX/lyEUYwQ8iwIhYQ8yHIj0hGAjoQBRJY1BypCyp lhiGAEZZynYpyushCoYonC6KdkUU3Dg0DLJN3OW15qlXTOG57b8G4v6k23WLFM jskJOSMeuSRNckNapE04mZBn8kJenTfn3flwPn9PS07xc0QW4Hz/AOwppAE=</ latexit><latexit sha1_base64="LNvhwzMra BUzSiutdgUPQhhNnP4=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgqiQi6LLgx mVF+4A2lMn0tg6dyYSZG6WUfIJb/QC/xp24E3/GJGZhW8/qcM69nMMJIiksuu6 XU1pb39jcKm9Xdnb39g+qtcOO1bHh0OZaatMLmAUpQmijQAm9yABTgYRuML3O/ O4jGCt0eI+zCHzFJqEYC84wle7MUA6rdbfh5qCrxCtInRRoDWtOeTDSPFYQIpf M2r7nRujPmUHBJSSVQWwhYnzKJtBPacgUWH+ed03oaWwZahqBoULSXIS/H3Omr J2pIL1UDB/sspeJ/3n9GMdX/lyEUYwQ8iwIhYQ8yHIj0hGAjoQBRJY1BypCyp lhiGAEZZynYpyushCoYonC6KdkUU3Dg0DLJN3OW15qlXTOG57b8G4v6k23WLFM jskJOSMeuSRNckNapE04mZBn8kJenTfn3flwPn9PS07xc0QW4Hz/AOwppAE=</ latexit>
r1<latexit sha1_base64="43dVPI71x 2F25l4ukOib6S3X/SM=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgqiQi6LLgx mVF+4A2lMn0tg6dyYSZG6WUfIJb/QC/xp24E3/GJGZhW8/qcM69nMMJIiksuu6 XU1pb39jcKm9Xdnb39g+qtcOO1bHh0OZaatMLmAUpQmijQAm9yABTgYRuML3O/ O4jGCt0eI+zCHzFJqEYC84wle7M0BtW627DzUFXiVeQOinQGtac8mCkeawgRC6 ZtX3PjdCfM4OCS0gqg9hCxPiUTaCf0pApsP4875rQ09gy1DQCQ4WkuQh/P+ZMW TtTQXqpGD7YZS8T//P6MY6v/LkIoxgh5FkQCgl5kOVGpCMAHQkDiCxrDlSElD PDEMEIyjhPxThdZSFQxRKF0U/JopqGB4GWSbqdt7zUKumcNzy34d1e1JtusWKZ HJMTckY8ckma5Ia0SJtwMiHP5IW8Om/Ou/PhfP6elpzi54gswPn+AYYQo8Y=</ latexit><latexit sha1_base64="43dVPI71x 2F25l4ukOib6S3X/SM=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgqiQi6LLgx mVF+4A2lMn0tg6dyYSZG6WUfIJb/QC/xp24E3/GJGZhW8/qcM69nMMJIiksuu6 XU1pb39jcKm9Xdnb39g+qtcOO1bHh0OZaatMLmAUpQmijQAm9yABTgYRuML3O/ O4jGCt0eI+zCHzFJqEYC84wle7M0BtW627DzUFXiVeQOinQGtac8mCkeawgRC6 ZtX3PjdCfM4OCS0gqg9hCxPiUTaCf0pApsP4875rQ09gy1DQCQ4WkuQh/P+ZMW TtTQXqpGD7YZS8T//P6MY6v/LkIoxgh5FkQCgl5kOVGpCMAHQkDiCxrDlSElD PDEMEIyjhPxThdZSFQxRKF0U/JopqGB4GWSbqdt7zUKumcNzy34d1e1JtusWKZ HJMTckY8ckma5Ia0SJtwMiHP5IW8Om/Ou/PhfP6elpzi54gswPn+AYYQo8Y=</ latexit><latexit sha1_base64="43dVPI71x 2F25l4ukOib6S3X/SM=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgqiQi6LLgx mVF+4A2lMn0tg6dyYSZG6WUfIJb/QC/xp24E3/GJGZhW8/qcM69nMMJIiksuu6 XU1pb39jcKm9Xdnb39g+qtcOO1bHh0OZaatMLmAUpQmijQAm9yABTgYRuML3O/ O4jGCt0eI+zCHzFJqEYC84wle7M0BtW627DzUFXiVeQOinQGtac8mCkeawgRC6 ZtX3PjdCfM4OCS0gqg9hCxPiUTaCf0pApsP4875rQ09gy1DQCQ4WkuQh/P+ZMW TtTQXqpGD7YZS8T//P6MY6v/LkIoxgh5FkQCgl5kOVGpCMAHQkDiCxrDlSElD PDEMEIyjhPxThdZSFQxRKF0U/JopqGB4GWSbqdt7zUKumcNzy34d1e1JtusWKZ HJMTckY8ckma5Ia0SJtwMiHP5IW8Om/Ou/PhfP6elpzi54gswPn+AYYQo8Y=</ latexit><latexit sha1_base64="43dVPI71x 2F25l4ukOib6S3X/SM=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgqiQi6LLgx mVF+4A2lMn0tg6dyYSZG6WUfIJb/QC/xp24E3/GJGZhW8/qcM69nMMJIiksuu6 XU1pb39jcKm9Xdnb39g+qtcOO1bHh0OZaatMLmAUpQmijQAm9yABTgYRuML3O/ O4jGCt0eI+zCHzFJqEYC84wle7M0BtW627DzUFXiVeQOinQGtac8mCkeawgRC6 ZtX3PjdCfM4OCS0gqg9hCxPiUTaCf0pApsP4875rQ09gy1DQCQ4WkuQh/P+ZMW TtTQXqpGD7YZS8T//P6MY6v/LkIoxgh5FkQCgl5kOVGpCMAHQkDiCxrDlSElD PDEMEIyjhPxThdZSFQxRKF0U/JopqGB4GWSbqdt7zUKumcNzy34d1e1JtusWKZ HJMTckY8ckma5Ia0SJtwMiHP5IW8Om/Ou/PhfP6elpzi54gswPn+AYYQo8Y=</ latexit>
r2<latexit sha1_base64="h0tGnZg1U twOlhQcgCbG8EgJoVM=">AAACIXicbVDLSsNAFJ3xWeur1aWbwSK4KkkRdFlw4 7KifUAbymR6W4dOMmHmRimhn+BWP8CvcSfuxJ8xiVnY1rM6nHMv53D8SEmLjvN F19Y3Nre2Szvl3b39g8NK9ahjdWwEtIVW2vR8bkHJENooUUEvMsADX0HXn15nf vcRjJU6vMdZBF7AJ6EcS8Exle7MsDGs1Jy6k4OtErcgNVKgNazS0mCkRRxAiEJ xa/uuE6GXcINSKJiXB7GFiIspn0A/pSEPwHpJ3nXOzmLLUbMIDJOK5SL8/Uh4Y O0s8NPLgOODXfYy8T+vH+P4yktkGMUIociCUCrIg6wwMh0B2EgaQORZc2AyZI IbjghGMi5EKsbpKguBQaxQGv00X1TTcN/Xap5u5y4vtUo6jbrr1N3bi1rTKVYs kRNySs6JSy5Jk9yQFmkTQSbkmbyQV/pG3+kH/fw9XaPFzzFZAP3+AYfLo8c=</ latexit><latexit sha1_base64="h0tGnZg1U twOlhQcgCbG8EgJoVM=">AAACIXicbVDLSsNAFJ3xWeur1aWbwSK4KkkRdFlw4 7KifUAbymR6W4dOMmHmRimhn+BWP8CvcSfuxJ8xiVnY1rM6nHMv53D8SEmLjvN F19Y3Nre2Szvl3b39g8NK9ahjdWwEtIVW2vR8bkHJENooUUEvMsADX0HXn15nf vcRjJU6vMdZBF7AJ6EcS8Exle7MsDGs1Jy6k4OtErcgNVKgNazS0mCkRRxAiEJ xa/uuE6GXcINSKJiXB7GFiIspn0A/pSEPwHpJ3nXOzmLLUbMIDJOK5SL8/Uh4Y O0s8NPLgOODXfYy8T+vH+P4yktkGMUIociCUCrIg6wwMh0B2EgaQORZc2AyZI IbjghGMi5EKsbpKguBQaxQGv00X1TTcN/Xap5u5y4vtUo6jbrr1N3bi1rTKVYs kRNySs6JSy5Jk9yQFmkTQSbkmbyQV/pG3+kH/fw9XaPFzzFZAP3+AYfLo8c=</ latexit><latexit sha1_base64="h0tGnZg1U twOlhQcgCbG8EgJoVM=">AAACIXicbVDLSsNAFJ3xWeur1aWbwSK4KkkRdFlw4 7KifUAbymR6W4dOMmHmRimhn+BWP8CvcSfuxJ8xiVnY1rM6nHMv53D8SEmLjvN F19Y3Nre2Szvl3b39g8NK9ahjdWwEtIVW2vR8bkHJENooUUEvMsADX0HXn15nf vcRjJU6vMdZBF7AJ6EcS8Exle7MsDGs1Jy6k4OtErcgNVKgNazS0mCkRRxAiEJ xa/uuE6GXcINSKJiXB7GFiIspn0A/pSEPwHpJ3nXOzmLLUbMIDJOK5SL8/Uh4Y O0s8NPLgOODXfYy8T+vH+P4yktkGMUIociCUCrIg6wwMh0B2EgaQORZc2AyZI IbjghGMi5EKsbpKguBQaxQGv00X1TTcN/Xap5u5y4vtUo6jbrr1N3bi1rTKVYs kRNySs6JSy5Jk9yQFmkTQSbkmbyQV/pG3+kH/fw9XaPFzzFZAP3+AYfLo8c=</ latexit><latexit sha1_base64="h0tGnZg1U twOlhQcgCbG8EgJoVM=">AAACIXicbVDLSsNAFJ3xWeur1aWbwSK4KkkRdFlw4 7KifUAbymR6W4dOMmHmRimhn+BWP8CvcSfuxJ8xiVnY1rM6nHMv53D8SEmLjvN F19Y3Nre2Szvl3b39g8NK9ahjdWwEtIVW2vR8bkHJENooUUEvMsADX0HXn15nf vcRjJU6vMdZBF7AJ6EcS8Exle7MsDGs1Jy6k4OtErcgNVKgNazS0mCkRRxAiEJ xa/uuE6GXcINSKJiXB7GFiIspn0A/pSEPwHpJ3nXOzmLLUbMIDJOK5SL8/Uh4Y O0s8NPLgOODXfYy8T+vH+P4yktkGMUIociCUCrIg6wwMh0B2EgaQORZc2AyZI IbjghGMi5EKsbpKguBQaxQGv00X1TTcN/Xap5u5y4vtUo6jbrr1N3bi1rTKVYs kRNySs6JSy5Jk9yQFmkTQSbkmbyQV/pG3+kH/fw9XaPFzzFZAP3+AYfLo8c=</ latexit>r3<latexit sha1_base64="jVaka1zYr 0mtNO+KoP3UWPA+/6s=">AAACIXicbVDLSsNAFJ34rPXV6tLNYBFclUQFXRbcu KxoH9CGMpne1qEzkzBzo5SST3CrH+DXuBN34s+YxCxs61kdzrmXczhBJIVF1/1 yVlbX1jc2S1vl7Z3dvf1K9aBtw9hwaPFQhqYbMAtSaGihQAndyABTgYROMLnO/ M4jGCtCfY/TCHzFxlqMBGeYSndmcD6o1Ny6m4MuE68gNVKgOag6pf4w5LECjVw ya3ueG6E/YwYFl5CU+7GFiPEJG0MvpZopsP4s75rQk9gyDGkEhgpJcxH+fsyYs naqgvRSMXywi14m/uf1Yhxd+TOhoxhB8ywIhYQ8yHIj0hGADoUBRJY1Byo05c wwRDCCMs5TMU5XmQtUsURhwqdkXk3DgyCUSbqdt7jUMmmf1T237t1e1BpusWKJ HJFjcko8ckka5IY0SYtwMibP5IW8Om/Ou/PhfP6erjjFzyGZg/P9A4mGo8g=</ latexit><latexit sha1_base64="jVaka1zYr 0mtNO+KoP3UWPA+/6s=">AAACIXicbVDLSsNAFJ34rPXV6tLNYBFclUQFXRbcu KxoH9CGMpne1qEzkzBzo5SST3CrH+DXuBN34s+YxCxs61kdzrmXczhBJIVF1/1 yVlbX1jc2S1vl7Z3dvf1K9aBtw9hwaPFQhqYbMAtSaGihQAndyABTgYROMLnO/ M4jGCtCfY/TCHzFxlqMBGeYSndmcD6o1Ny6m4MuE68gNVKgOag6pf4w5LECjVw ya3ueG6E/YwYFl5CU+7GFiPEJG0MvpZopsP4s75rQk9gyDGkEhgpJcxH+fsyYs naqgvRSMXywi14m/uf1Yhxd+TOhoxhB8ywIhYQ8yHIj0hGADoUBRJY1Byo05c wwRDCCMs5TMU5XmQtUsURhwqdkXk3DgyCUSbqdt7jUMmmf1T237t1e1BpusWKJ HJFjcko8ckka5IY0SYtwMibP5IW8Om/Ou/PhfP6erjjFzyGZg/P9A4mGo8g=</ latexit><latexit sha1_base64="jVaka1zYr 0mtNO+KoP3UWPA+/6s=">AAACIXicbVDLSsNAFJ34rPXV6tLNYBFclUQFXRbcu KxoH9CGMpne1qEzkzBzo5SST3CrH+DXuBN34s+YxCxs61kdzrmXczhBJIVF1/1 yVlbX1jc2S1vl7Z3dvf1K9aBtw9hwaPFQhqYbMAtSaGihQAndyABTgYROMLnO/ M4jGCtCfY/TCHzFxlqMBGeYSndmcD6o1Ny6m4MuE68gNVKgOag6pf4w5LECjVw ya3ueG6E/YwYFl5CU+7GFiPEJG0MvpZopsP4s75rQk9gyDGkEhgpJcxH+fsyYs naqgvRSMXywi14m/uf1Yhxd+TOhoxhB8ywIhYQ8yHIj0hGADoUBRJY1Byo05c wwRDCCMs5TMU5XmQtUsURhwqdkXk3DgyCUSbqdt7jUMmmf1T237t1e1BpusWKJ HJFjcko8ckka5IY0SYtwMibP5IW8Om/Ou/PhfP6erjjFzyGZg/P9A4mGo8g=</ latexit><latexit sha1_base64="jVaka1zYr 0mtNO+KoP3UWPA+/6s=">AAACIXicbVDLSsNAFJ34rPXV6tLNYBFclUQFXRbcu KxoH9CGMpne1qEzkzBzo5SST3CrH+DXuBN34s+YxCxs61kdzrmXczhBJIVF1/1 yVlbX1jc2S1vl7Z3dvf1K9aBtw9hwaPFQhqYbMAtSaGihQAndyABTgYROMLnO/ M4jGCtCfY/TCHzFxlqMBGeYSndmcD6o1Ny6m4MuE68gNVKgOag6pf4w5LECjVw ya3ueG6E/YwYFl5CU+7GFiPEJG0MvpZopsP4s75rQk9gyDGkEhgpJcxH+fsyYs naqgvRSMXywi14m/uf1Yhxd+TOhoxhB8ywIhYQ8yHIj0hGADoUBRJY1Byo05c wwRDCCMs5TMU5XmQtUsURhwqdkXk3DgyCUSbqdt7jUMmmf1T237t1e1BpusWKJ HJFjcko8ckka5IY0SYtwMibP5IW8Om/Ou/PhfP6erjjFzyGZg/P9A4mGo8g=</ latexit>
r4<latexit sha1_base64="vBagK8TkX oQ1N7d4hCyXfzpTLxI=">AAACIXicbVDLSsNAFJ2pr1pfrS7dDBbBVUlE0GXBj cuK9gFtKJPpbR06yYSZG6WEfoJb/QC/xp24E3/GJGZhW8/qcM69nMPxIyUtOs4 XLa2tb2xulbcrO7t7+wfV2mHH6tgIaAuttOn53IKSIbRRooJeZIAHvoKuP73O/ O4jGCt1eI+zCLyAT0I5loJjKt2Z4cWwWncaTg62StyC1EmB1rBGy4ORFnEAIQr Fre27ToRewg1KoWBeGcQWIi6mfAL9lIY8AOsledc5O40tR80iMEwqlovw9yPhg bWzwE8vA44PdtnLxP+8fozjKy+RYRQjhCILQqkgD7LCyHQEYCNpAJFnzYHJkA luOCIYybgQqRinqywEBrFCafTTfFFNw31fq3m6nbu81CrpnDdcp+HeXtSbTrFi mRyTE3JGXHJJmuSGtEibCDIhz+SFvNI3+k4/6OfvaYkWP0dkAfT7B4tBo8k=</ latexit><latexit sha1_base64="vBagK8TkX oQ1N7d4hCyXfzpTLxI=">AAACIXicbVDLSsNAFJ2pr1pfrS7dDBbBVUlE0GXBj cuK9gFtKJPpbR06yYSZG6WEfoJb/QC/xp24E3/GJGZhW8/qcM69nMPxIyUtOs4 XLa2tb2xulbcrO7t7+wfV2mHH6tgIaAuttOn53IKSIbRRooJeZIAHvoKuP73O/ O4jGCt1eI+zCLyAT0I5loJjKt2Z4cWwWncaTg62StyC1EmB1rBGy4ORFnEAIQr Fre27ToRewg1KoWBeGcQWIi6mfAL9lIY8AOsledc5O40tR80iMEwqlovw9yPhg bWzwE8vA44PdtnLxP+8fozjKy+RYRQjhCILQqkgD7LCyHQEYCNpAJFnzYHJkA luOCIYybgQqRinqywEBrFCafTTfFFNw31fq3m6nbu81CrpnDdcp+HeXtSbTrFi mRyTE3JGXHJJmuSGtEibCDIhz+SFvNI3+k4/6OfvaYkWP0dkAfT7B4tBo8k=</ latexit><latexit sha1_base64="vBagK8TkX oQ1N7d4hCyXfzpTLxI=">AAACIXicbVDLSsNAFJ2pr1pfrS7dDBbBVUlE0GXBj cuK9gFtKJPpbR06yYSZG6WEfoJb/QC/xp24E3/GJGZhW8/qcM69nMPxIyUtOs4 XLa2tb2xulbcrO7t7+wfV2mHH6tgIaAuttOn53IKSIbRRooJeZIAHvoKuP73O/ O4jGCt1eI+zCLyAT0I5loJjKt2Z4cWwWncaTg62StyC1EmB1rBGy4ORFnEAIQr Fre27ToRewg1KoWBeGcQWIi6mfAL9lIY8AOsledc5O40tR80iMEwqlovw9yPhg bWzwE8vA44PdtnLxP+8fozjKy+RYRQjhCILQqkgD7LCyHQEYCNpAJFnzYHJkA luOCIYybgQqRinqywEBrFCafTTfFFNw31fq3m6nbu81CrpnDdcp+HeXtSbTrFi mRyTE3JGXHJJmuSGtEibCDIhz+SFvNI3+k4/6OfvaYkWP0dkAfT7B4tBo8k=</ latexit><latexit sha1_base64="vBagK8TkX oQ1N7d4hCyXfzpTLxI=">AAACIXicbVDLSsNAFJ2pr1pfrS7dDBbBVUlE0GXBj cuK9gFtKJPpbR06yYSZG6WEfoJb/QC/xp24E3/GJGZhW8/qcM69nMPxIyUtOs4 XLa2tb2xulbcrO7t7+wfV2mHH6tgIaAuttOn53IKSIbRRooJeZIAHvoKuP73O/ O4jGCt1eI+zCLyAT0I5loJjKt2Z4cWwWncaTg62StyC1EmB1rBGy4ORFnEAIQr Fre27ToRewg1KoWBeGcQWIi6mfAL9lIY8AOsledc5O40tR80iMEwqlovw9yPhg bWzwE8vA44PdtnLxP+8fozjKy+RYRQjhCILQqkgD7LCyHQEYCNpAJFnzYHJkA luOCIYybgQqRinqywEBrFCafTTfFFNw31fq3m6nbu81CrpnDdcp+HeXtSbTrFi mRyTE3JGXHJJmuSGtEibCDIhz+SFvNI3+k4/6OfvaYkWP0dkAfT7B4tBo8k=</ latexit>
(b) round r = 1 (permutation round). The arrows show
the cyclic order over the positions of the original central
configuration.
b=0
b=0b=0
b=0
b=1
rl
<latexit sha1_ base64="LNvhwzMraBUzSiutdg UPQhhNnP4=">AAACIXicbVDLSs NAFJ3UV62vVpduBovgqiQi6LLg xmVF+4A2lMn0tg6dyYSZG6WUfI Jb/QC/xp24E3/GJGZhW8/qcM69 nMMJIiksuu6XU1pb39jcKm9Xdn b39g+qtcOO1bHh0OZaatMLmAUp QmijQAm9yABTgYRuML3O/O4jGC t0eI+zCHzFJqEYC84wle7MUA6r dbfh5qCrxCtInRRoDWtOeTDSPF YQIpfM2r7nRujPmUHBJSSVQWwh YnzKJtBPacgUWH+ed03oaWwZahq BoULSXIS/H3OmrJ2pIL1UDB/ss peJ/3n9GMdX/lyEUYwQ8iwIhYQ 8yHIj0hGAjoQBRJY1BypCyplhi GAEZZynYpyushCoYonC6KdkUU3 Dg0DLJN3OW15qlXTOG57b8G4v6 k23WLFMjskJOSMeuSRNckNapE0 4mZBn8kJenTfn3flwPn9PS07xc 0QW4Hz/AOwppAE=</latexit><latexit sha1_ base64="LNvhwzMraBUzSiutdg UPQhhNnP4=">AAACIXicbVDLSs NAFJ3UV62vVpduBovgqiQi6LLg xmVF+4A2lMn0tg6dyYSZG6WUfI Jb/QC/xp24E3/GJGZhW8/qcM69 nMMJIiksuu6XU1pb39jcKm9Xdn b39g+qtcOO1bHh0OZaatMLmAUp QmijQAm9yABTgYRuML3O/O4jGC t0eI+zCHzFJqEYC84wle7MUA6r dbfh5qCrxCtInRRoDWtOeTDSPF YQIpfM2r7nRujPmUHBJSSVQWwh YnzKJtBPacgUWH+ed03oaWwZahq BoULSXIS/H3OmrJ2pIL1UDB/ss peJ/3n9GMdX/lyEUYwQ8iwIhYQ 8yHIj0hGAjoQBRJY1BypCyplhi GAEZZynYpyushCoYonC6KdkUU3 Dg0DLJN3OW15qlXTOG57b8G4v6 k23WLFMjskJOSMeuSRNckNapE0 4mZBn8kJenTfn3flwPn9PS07xc 0QW4Hz/AOwppAE=</latexit><latexit sha1_ base64="LNvhwzMraBUzSiutdg UPQhhNnP4=">AAACIXicbVDLSs NAFJ3UV62vVpduBovgqiQi6LLg xmVF+4A2lMn0tg6dyYSZG6WUfI Jb/QC/xp24E3/GJGZhW8/qcM69 nMMJIiksuu6XU1pb39jcKm9Xdn b39g+qtcOO1bHh0OZaatMLmAUp QmijQAm9yABTgYRuML3O/O4jGC t0eI+zCHzFJqEYC84wle7MUA6r dbfh5qCrxCtInRRoDWtOeTDSPF YQIpfM2r7nRujPmUHBJSSVQWwh YnzKJtBPacgUWH+ed03oaWwZahq BoULSXIS/H3OmrJ2pIL1UDB/ss peJ/3n9GMdX/lyEUYwQ8iwIhYQ 8yHIj0hGAjoQBRJY1BypCyplhi GAEZZynYpyushCoYonC6KdkUU3 Dg0DLJN3OW15qlXTOG57b8G4v6 k23WLFMjskJOSMeuSRNckNapE0 4mZBn8kJenTfn3flwPn9PS07xc 0QW4Hz/AOwppAE=</latexit><latexit sha1_ base64="LNvhwzMraBUzSiutdg UPQhhNnP4=">AAACIXicbVDLSs NAFJ3UV62vVpduBovgqiQi6LLg xmVF+4A2lMn0tg6dyYSZG6WUfI Jb/QC/xp24E3/GJGZhW8/qcM69 nMMJIiksuu6XU1pb39jcKm9Xdn b39g+qtcOO1bHh0OZaatMLmAUp QmijQAm9yABTgYRuML3O/O4jGC t0eI+zCHzFJqEYC84wle7MUA6r dbfh5qCrxCtInRRoDWtOeTDSPF YQIpfM2r7nRujPmUHBJSSVQWwh YnzKJtBPacgUWH+ed03oaWwZahq BoULSXIS/H3OmrJ2pIL1UDB/ss peJ/3n9GMdX/lyEUYwQ8iwIhYQ 8yHIj0hGAjoQBRJY1BypCyplhi GAEZZynYpyushCoYonC6KdkUU3 Dg0DLJN3OW15qlXTOG57b8G4v6 k23WLFMjskJOSMeuSRNckNapE0 4mZBn8kJenTfn3flwPn9PS07xc 0QW4Hz/AOwppAE=</latexit>
r1
<latexit sha1_ base64="43dVPI71x2F25l4ukO ib6S3X/SM=">AAACIXicbVDLSs NAFJ3UV62vVpduBovgqiQi6LLg xmVF+4A2lMn0tg6dyYSZG6WUfI Jb/QC/xp24E3/GJGZhW8/qcM69 nMMJIiksuu6XU1pb39jcKm9Xdn b39g+qtcOO1bHh0OZaatMLmAUp QmijQAm9yABTgYRuML3O/O4jGC t0eI+zCHzFJqEYC84wle7M0BtW 627DzUFXiVeQOinQGtac8mCkea wgRC6ZtX3PjdCfM4OCS0gqg9hC xPiUTaCf0pApsP4875rQ09gy1DQ CQ4WkuQh/P+ZMWTtTQXqpGD7YZ S8T//P6MY6v/LkIoxgh5FkQCgl 5kOVGpCMAHQkDiCxrDlSElDPDE MEIyjhPxThdZSFQxRKF0U/Jopq GB4GWSbqdt7zUKumcNzy34d1e1 JtusWKZHJMTckY8ckma5Ia0SJt wMiHP5IW8Om/Ou/PhfP6elpzi5 4gswPn+AYYQo8Y=</latexit><latexit sha1_ base64="43dVPI71x2F25l4ukO ib6S3X/SM=">AAACIXicbVDLSs NAFJ3UV62vVpduBovgqiQi6LLg xmVF+4A2lMn0tg6dyYSZG6WUfI Jb/QC/xp24E3/GJGZhW8/qcM69 nMMJIiksuu6XU1pb39jcKm9Xdn b39g+qtcOO1bHh0OZaatMLmAUp QmijQAm9yABTgYRuML3O/O4jGC t0eI+zCHzFJqEYC84wle7M0BtW 627DzUFXiVeQOinQGtac8mCkea wgRC6ZtX3PjdCfM4OCS0gqg9hC xPiUTaCf0pApsP4875rQ09gy1DQ CQ4WkuQh/P+ZMWTtTQXqpGD7YZ S8T//P6MY6v/LkIoxgh5FkQCgl 5kOVGpCMAHQkDiCxrDlSElDPDE MEIyjhPxThdZSFQxRKF0U/Jopq GB4GWSbqdt7zUKumcNzy34d1e1 JtusWKZHJMTckY8ckma5Ia0SJt wMiHP5IW8Om/Ou/PhfP6elpzi5 4gswPn+AYYQo8Y=</latexit><latexit sha1_ base64="43dVPI71x2F25l4ukO ib6S3X/SM=">AAACIXicbVDLSs NAFJ3UV62vVpduBovgqiQi6LLg xmVF+4A2lMn0tg6dyYSZG6WUfI Jb/QC/xp24E3/GJGZhW8/qcM69 nMMJIiksuu6XU1pb39jcKm9Xdn b39g+qtcOO1bHh0OZaatMLmAUp QmijQAm9yABTgYRuML3O/O4jGC t0eI+zCHzFJqEYC84wle7M0BtW 627DzUFXiVeQOinQGtac8mCkea wgRC6ZtX3PjdCfM4OCS0gqg9hC xPiUTaCf0pApsP4875rQ09gy1DQ CQ4WkuQh/P+ZMWTtTQXqpGD7YZ S8T//P6MY6v/LkIoxgh5FkQCgl 5kOVGpCMAHQkDiCxrDlSElDPDE MEIyjhPxThdZSFQxRKF0U/Jopq GB4GWSbqdt7zUKumcNzy34d1e1 JtusWKZHJMTckY8ckma5Ia0SJt wMiHP5IW8Om/Ou/PhfP6elpzi5 4gswPn+AYYQo8Y=</latexit><latexit sha1_ base64="43dVPI71x2F25l4ukO ib6S3X/SM=">AAACIXicbVDLSs NAFJ3UV62vVpduBovgqiQi6LLg xmVF+4A2lMn0tg6dyYSZG6WUfI Jb/QC/xp24E3/GJGZhW8/qcM69 nMMJIiksuu6XU1pb39jcKm9Xdn b39g+qtcOO1bHh0OZaatMLmAUp QmijQAm9yABTgYRuML3O/O4jGC t0eI+zCHzFJqEYC84wle7M0BtW 627DzUFXiVeQOinQGtac8mCkea wgRC6ZtX3PjdCfM4OCS0gqg9hC xPiUTaCf0pApsP4875rQ09gy1DQ CQ4WkuQh/P+ZMWTtTQXqpGD7YZ S8T//P6MY6v/LkIoxgh5FkQCgl 5kOVGpCMAHQkDiCxrDlSElDPDE MEIyjhPxThdZSFQxRKF0U/Jopq GB4GWSbqdt7zUKumcNzy34d1e1 JtusWKZHJMTckY8ckma5Ia0SJt wMiHP5IW8Om/Ou/PhfP6elpzi5 4gswPn+AYYQo8Y=</latexit>
r2
<latexi t sha1_base64 ="h0tGnZg1Utw OlhQcgCbG8EgJ oVM=">AAACIXi cbVDLSsNAFJ3x Weur1aWbwSK4K kkRdFlw47KifU AbymR6W4dOMmH mRimhn+BWP8Cv cSfuxJ8xiVnY1 rM6nHMv53D8SE mLjvNF19Y3Nre2 Szvl3b39g8NK9 ahjdWwEtIVW2v R8bkHJENooUUE vMsADX0HXn15n fvcRjJU6vMdZB F7AJ6EcS8Exle 7MsDGs1Jy6k4O tErcgNVKgNazS 0mCkRRxAiEJxa /uuE6GXcINSKJ iXB7GFiIspn0A /pSEPwHpJ3nXO zmLLUbMIDJOK5 SL8/Uh4YO0s8N PLgOODXfYy8T+ vH+P4yktkGMUI ociCUCrIg6wwM h0B2EgaQORZc2 AyZIIbjghGMi5 EKsbpKguBQaxQ Gv00X1TTcN/Xa p5u5y4vtUo6jb rr1N3bi1rTKVY skRNySs6JSy5J k9yQFmkTQSbkmb yQV/pG3+kH/fw 9XaPFzzFZAP3+ AYfLo8c=</lat exit><latexi t sha1_base64 ="h0tGnZg1Utw OlhQcgCbG8EgJ oVM=">AAACIXi cbVDLSsNAFJ3x Weur1aWbwSK4K kkRdFlw47KifU AbymR6W4dOMmH mRimhn+BWP8Cv cSfuxJ8xiVnY1 rM6nHMv53D8SE mLjvNF19Y3Nre2 Szvl3b39g8NK9 ahjdWwEtIVW2v R8bkHJENooUUE vMsADX0HXn15n fvcRjJU6vMdZB F7AJ6EcS8Exle 7MsDGs1Jy6k4O tErcgNVKgNazS 0mCkRRxAiEJxa /uuE6GXcINSKJ iXB7GFiIspn0A /pSEPwHpJ3nXO zmLLUbMIDJOK5 SL8/Uh4YO0s8N PLgOODXfYy8T+ vH+P4yktkGMUI ociCUCrIg6wwM h0B2EgaQORZc2 AyZIIbjghGMi5 EKsbpKguBQaxQ Gv00X1TTcN/Xa p5u5y4vtUo6jb rr1N3bi1rTKVY skRNySs6JSy5J k9yQFmkTQSbkmb yQV/pG3+kH/fw 9XaPFzzFZAP3+ AYfLo8c=</lat exit><latexi t sha1_base64 ="h0tGnZg1Utw OlhQcgCbG8EgJ oVM=">AAACIXi cbVDLSsNAFJ3x Weur1aWbwSK4K kkRdFlw47KifU AbymR6W4dOMmH mRimhn+BWP8Cv cSfuxJ8xiVnY1 rM6nHMv53D8SE mLjvNF19Y3Nre2 Szvl3b39g8NK9 ahjdWwEtIVW2v R8bkHJENooUUE vMsADX0HXn15n fvcRjJU6vMdZB F7AJ6EcS8Exle 7MsDGs1Jy6k4O tErcgNVKgNazS 0mCkRRxAiEJxa /uuE6GXcINSKJ iXB7GFiIspn0A /pSEPwHpJ3nXO zmLLUbMIDJOK5 SL8/Uh4YO0s8N PLgOODXfYy8T+ vH+P4yktkGMUI ociCUCrIg6wwM h0B2EgaQORZc2 AyZIIbjghGMi5 EKsbpKguBQaxQ Gv00X1TTcN/Xa p5u5y4vtUo6jb rr1N3bi1rTKVY skRNySs6JSy5J k9yQFmkTQSbkmb yQV/pG3+kH/fw 9XaPFzzFZAP3+ AYfLo8c=</lat exit><latexi t sha1_base64 ="h0tGnZg1Utw OlhQcgCbG8EgJ oVM=">AAACIXi cbVDLSsNAFJ3x Weur1aWbwSK4K kkRdFlw47KifU AbymR6W4dOMmH mRimhn+BWP8Cv cSfuxJ8xiVnY1 rM6nHMv53D8SE mLjvNF19Y3Nre2 Szvl3b39g8NK9 ahjdWwEtIVW2v R8bkHJENooUUE vMsADX0HXn15n fvcRjJU6vMdZB F7AJ6EcS8Exle 7MsDGs1Jy6k4O tErcgNVKgNazS 0mCkRRxAiEJxa /uuE6GXcINSKJ iXB7GFiIspn0A /pSEPwHpJ3nXO zmLLUbMIDJOK5 SL8/Uh4YO0s8N PLgOODXfYy8T+ vH+P4yktkGMUI ociCUCrIg6wwM h0B2EgaQORZc2 AyZIIbjghGMi5 EKsbpKguBQaxQ Gv00X1TTcN/Xa p5u5y4vtUo6jb rr1N3bi1rTKVY skRNySs6JSy5J k9yQFmkTQSbkmb yQV/pG3+kH/fw 9XaPFzzFZAP3+ AYfLo8c=</lat exit>
r3
<latexi t sha1_base64 ="jVaka1zYr0m tNO+KoP3UWPA+ /6s=">AAACIXi cbVDLSsNAFJ34 rPXV6tLNYBFcl UQFXRbcuKxoH9 CGMpne1qEzkzB zo5SST3CrH+DX uBN34s+YxCxs6 1kdzrmXczhBJI VF1/1yVlbX1jc2 S1vl7Z3dvf1K9 aBtw9hwaPFQhq YbMAtSaGihQAn dyABTgYROMLnO /M4jGCtCfY/TC HzFxlqMBGeYSn dmcD6o1Ny6m4M uE68gNVKgOag6 pf4w5LECjVwya 3ueG6E/YwYFl5 CU+7GFiPEJG0M vpZopsP4s75rQ k9gyDGkEhgpJc xH+fsyYsnaqgv RSMXywi14m/uf 1Yhxd+TOhoxhB 8ywIhYQ8yHIj0 hGADoUBRJY1By o05cwwRDCCMs5 TMU5XmQtUsURh wqdkXk3DgyCUS bqdt7jUMmmf1T 237t1e1BpusWK JHJFjcko8ckka 5IY0SYtwMibP5I W8Om/Ou/PhfP6 erjjFzyGZg/P9 A4mGo8g=</lat exit><latexi t sha1_base64 ="jVaka1zYr0m tNO+KoP3UWPA+ /6s=">AAACIXi cbVDLSsNAFJ34 rPXV6tLNYBFcl UQFXRbcuKxoH9 CGMpne1qEzkzB zo5SST3CrH+DX uBN34s+YxCxs6 1kdzrmXczhBJI VF1/1yVlbX1jc2 S1vl7Z3dvf1K9 aBtw9hwaPFQhq YbMAtSaGihQAn dyABTgYROMLnO /M4jGCtCfY/TC HzFxlqMBGeYSn dmcD6o1Ny6m4M uE68gNVKgOag6 pf4w5LECjVwya 3ueG6E/YwYFl5 CU+7GFiPEJG0M vpZopsP4s75rQ k9gyDGkEhgpJc xH+fsyYsnaqgv RSMXywi14m/uf 1Yhxd+TOhoxhB 8ywIhYQ8yHIj0 hGADoUBRJY1By o05cwwRDCCMs5 TMU5XmQtUsURh wqdkXk3DgyCUS bqdt7jUMmmf1T 237t1e1BpusWK JHJFjcko8ckka 5IY0SYtwMibP5I W8Om/Ou/PhfP6 erjjFzyGZg/P9 A4mGo8g=</lat exit><latexi t sha1_base64 ="jVaka1zYr0m tNO+KoP3UWPA+ /6s=">AAACIXi cbVDLSsNAFJ34 rPXV6tLNYBFcl UQFXRbcuKxoH9 CGMpne1qEzkzB zo5SST3CrH+DX uBN34s+YxCxs6 1kdzrmXczhBJI VF1/1yVlbX1jc2 S1vl7Z3dvf1K9 aBtw9hwaPFQhq YbMAtSaGihQAn dyABTgYROMLnO /M4jGCtCfY/TC HzFxlqMBGeYSn dmcD6o1Ny6m4M uE68gNVKgOag6 pf4w5LECjVwya 3ueG6E/YwYFl5 CU+7GFiPEJG0M vpZopsP4s75rQ k9gyDGkEhgpJc xH+fsyYsnaqgv RSMXywi14m/uf 1Yhxd+TOhoxhB 8ywIhYQ8yHIj0 hGADoUBRJY1By o05cwwRDCCMs5 TMU5XmQtUsURh wqdkXk3DgyCUS bqdt7jUMmmf1T 237t1e1BpusWK JHJFjcko8ckka 5IY0SYtwMibP5I W8Om/Ou/PhfP6 erjjFzyGZg/P9 A4mGo8g=</lat exit><latexi t sha1_base64 ="jVaka1zYr0m tNO+KoP3UWPA+ /6s=">AAACIXi cbVDLSsNAFJ34 rPXV6tLNYBFcl UQFXRbcuKxoH9 CGMpne1qEzkzB zo5SST3CrH+DX uBN34s+YxCxs6 1kdzrmXczhBJI VF1/1yVlbX1jc2 S1vl7Z3dvf1K9 aBtw9hwaPFQhq YbMAtSaGihQAn dyABTgYROMLnO /M4jGCtCfY/TC HzFxlqMBGeYSn dmcD6o1Ny6m4M uE68gNVKgOag6 pf4w5LECjVwya 3ueG6E/YwYFl5 CU+7GFiPEJG0M vpZopsP4s75rQ k9gyDGkEhgpJc xH+fsyYsnaqgv RSMXywi14m/uf 1Yhxd+TOhoxhB 8ywIhYQ8yHIj0 hGADoUBRJY1By o05cwwRDCCMs5 TMU5XmQtUsURh wqdkXk3DgyCUS bqdt7jUMmmf1T 237t1e1BpusWK JHJFjcko8ckka 5IY0SYtwMibP5I W8Om/Ou/PhfP6 erjjFzyGZg/P9 A4mGo8g=</lat exit>
r4
<latexit sha1_ base64="vBagK8TkXoQ1N7d4hC yXfzpTLxI=">AAACIXicbVDLSs NAFJ2pr1pfrS7dDBbBVUlE0GXB jcuK9gFtKJPpbR06yYSZG6WEfo Jb/QC/xp24E3/GJGZhW8/qcM69 nMPxIyUtOs4XLa2tb2xulbcrO7 t7+wfV2mHH6tgIaAuttOn53IKS IbRRooJeZIAHvoKuP73O/O4jGC t1eI+zCLyAT0I5loJjKt2Z4cWw WncaTg62StyC1EmB1rBGy4ORFn EAIQrFre27ToRewg1KoWBeGcQW Ii6mfAL9lIY8AOsledc5O40tR80 iMEwqlovw9yPhgbWzwE8vA44Pd tnLxP+8fozjKy+RYRQjhCILQqk gD7LCyHQEYCNpAJFnzYHJkAluO CIYybgQqRinqywEBrFCafTTfFF Nw31fq3m6nbu81CrpnDdcp+HeX tSbTrFimRyTE3JGXHJJmuSGtEi bCDIhz+SFvNI3+k4/6OfvaYkWP 0dkAfT7B4tBo8k=</latexit><latexit sha1_ base64="vBagK8TkXoQ1N7d4hC yXfzpTLxI=">AAACIXicbVDLSs NAFJ2pr1pfrS7dDBbBVUlE0GXB jcuK9gFtKJPpbR06yYSZG6WEfo Jb/QC/xp24E3/GJGZhW8/qcM69 nMPxIyUtOs4XLa2tb2xulbcrO7 t7+wfV2mHH6tgIaAuttOn53IKS IbRRooJeZIAHvoKuP73O/O4jGC t1eI+zCLyAT0I5loJjKt2Z4cWw WncaTg62StyC1EmB1rBGy4ORFn EAIQrFre27ToRewg1KoWBeGcQW Ii6mfAL9lIY8AOsledc5O40tR80 iMEwqlovw9yPhgbWzwE8vA44Pd tnLxP+8fozjKy+RYRQjhCILQqk gD7LCyHQEYCNpAJFnzYHJkAluO CIYybgQqRinqywEBrFCafTTfFF Nw31fq3m6nbu81CrpnDdcp+HeX tSbTrFimRyTE3JGXHJJmuSGtEi bCDIhz+SFvNI3+k4/6OfvaYkWP 0dkAfT7B4tBo8k=</latexit><latexit sha1_ base64="vBagK8TkXoQ1N7d4hC yXfzpTLxI=">AAACIXicbVDLSs NAFJ2pr1pfrS7dDBbBVUlE0GXB jcuK9gFtKJPpbR06yYSZG6WEfo Jb/QC/xp24E3/GJGZhW8/qcM69 nMPxIyUtOs4XLa2tb2xulbcrO7 t7+wfV2mHH6tgIaAuttOn53IKS IbRRooJeZIAHvoKuP73O/O4jGC t1eI+zCLyAT0I5loJjKt2Z4cWw WncaTg62StyC1EmB1rBGy4ORFn EAIQrFre27ToRewg1KoWBeGcQW Ii6mfAL9lIY8AOsledc5O40tR80 iMEwqlovw9yPhgbWzwE8vA44Pd tnLxP+8fozjKy+RYRQjhCILQqk gD7LCyHQEYCNpAJFnzYHJkAluO CIYybgQqRinqywEBrFCafTTfFF Nw31fq3m6nbu81CrpnDdcp+HeX tSbTrFimRyTE3JGXHJJmuSGtEi bCDIhz+SFvNI3+k4/6OfvaYkWP 0dkAfT7B4tBo8k=</latexit><latexit sha1_ base64="vBagK8TkXoQ1N7d4hC yXfzpTLxI=">AAACIXicbVDLSs NAFJ2pr1pfrS7dDBbBVUlE0GXB jcuK9gFtKJPpbR06yYSZG6WEfo Jb/QC/xp24E3/GJGZhW8/qcM69 nMPxIyUtOs4XLa2tb2xulbcrO7 t7+wfV2mHH6tgIaAuttOn53IKS IbRRooJeZIAHvoKuP73O/O4jGC t1eI+zCLyAT0I5loJjKt2Z4cWw WncaTg62StyC1EmB1rBGy4ORFn EAIQrFre27ToRewg1KoWBeGcQW Ii6mfAL9lIY8AOsledc5O40tR80 iMEwqlovw9yPhgbWzwE8vA44Pd tnLxP+8fozjKy+RYRQjhCILQqk gD7LCyHQEYCNpAJFnzYHJkAluO CIYybgQqRinqywEBrFCafTTfFF Nw31fq3m6nbu81CrpnDdcp+HeX tSbTrFimRyTE3JGXHJJmuSGtEi bCDIhz+SFvNI3+k4/6OfvaYkWP 0dkAfT7B4tBo8k=</latexit>
(c) round r = 2 (communication round). rl moves since
it has b = 1 and r1 moves because it is a central robot.
b=1
b=1b=1
b=1
b=1
rl
<latexit sha1_base64="LNvhwzM raBUzSiutdgUPQhhNnP4=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgq iQi6LLgxmVF+4A2lMn0tg6dyYSZG6WUfIJb/QC/xp24E3/GJGZhW8/qc M69nMMJIiksuu6XU1pb39jcKm9Xdnb39g+qtcOO1bHh0OZaatMLmAUpQm ijQAm9yABTgYRuML3O/O4jGCt0eI+zCHzFJqEYC84wle7MUA6rdbfh5q CrxCtInRRoDWtOeTDSPFYQIpfM2r7nRujPmUHBJSSVQWwhYnzKJtBPacg UWH+ed03oaWwZahqBoULSXIS/H3OmrJ2pIL1UDB/sspeJ/3n9GMdX/ly EUYwQ8iwIhYQ8yHIj0hGAjoQBRJY1BypCyplhiGAEZZynYpyushCoYon C6KdkUU3Dg0DLJN3OW15qlXTOG57b8G4v6k23WLFMjskJOSMeuSRNckNa pE04mZBn8kJenTfn3flwPn9PS07xc0QW4Hz/AOwppAE=</latexit><latexit sha1_base64="LNvhwzM raBUzSiutdgUPQhhNnP4=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgq iQi6LLgxmVF+4A2lMn0tg6dyYSZG6WUfIJb/QC/xp24E3/GJGZhW8/qc M69nMMJIiksuu6XU1pb39jcKm9Xdnb39g+qtcOO1bHh0OZaatMLmAUpQm ijQAm9yABTgYRuML3O/O4jGCt0eI+zCHzFJqEYC84wle7MUA6rdbfh5q CrxCtInRRoDWtOeTDSPFYQIpfM2r7nRujPmUHBJSSVQWwhYnzKJtBPacg UWH+ed03oaWwZahqBoULSXIS/H3OmrJ2pIL1UDB/sspeJ/3n9GMdX/ly EUYwQ8iwIhYQ8yHIj0hGAjoQBRJY1BypCyplhiGAEZZynYpyushCoYon C6KdkUU3Dg0DLJN3OW15qlXTOG57b8G4v6k23WLFMjskJOSMeuSRNckNa pE04mZBn8kJenTfn3flwPn9PS07xc0QW4Hz/AOwppAE=</latexit><latexit sha1_base64="LNvhwzM raBUzSiutdgUPQhhNnP4=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgq iQi6LLgxmVF+4A2lMn0tg6dyYSZG6WUfIJb/QC/xp24E3/GJGZhW8/qc M69nMMJIiksuu6XU1pb39jcKm9Xdnb39g+qtcOO1bHh0OZaatMLmAUpQm ijQAm9yABTgYRuML3O/O4jGCt0eI+zCHzFJqEYC84wle7MUA6rdbfh5q CrxCtInRRoDWtOeTDSPFYQIpfM2r7nRujPmUHBJSSVQWwhYnzKJtBPacg UWH+ed03oaWwZahqBoULSXIS/H3OmrJ2pIL1UDB/sspeJ/3n9GMdX/ly EUYwQ8iwIhYQ8yHIj0hGAjoQBRJY1BypCyplhiGAEZZynYpyushCoYon C6KdkUU3Dg0DLJN3OW15qlXTOG57b8G4v6k23WLFMjskJOSMeuSRNckNa pE04mZBn8kJenTfn3flwPn9PS07xc0QW4Hz/AOwppAE=</latexit><latexit sha1_base64="LNvhwzM raBUzSiutdgUPQhhNnP4=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgq iQi6LLgxmVF+4A2lMn0tg6dyYSZG6WUfIJb/QC/xp24E3/GJGZhW8/qc M69nMMJIiksuu6XU1pb39jcKm9Xdnb39g+qtcOO1bHh0OZaatMLmAUpQm ijQAm9yABTgYRuML3O/O4jGCt0eI+zCHzFJqEYC84wle7MUA6rdbfh5q CrxCtInRRoDWtOeTDSPFYQIpfM2r7nRujPmUHBJSSVQWwhYnzKJtBPacg UWH+ed03oaWwZahqBoULSXIS/H3OmrJ2pIL1UDB/sspeJ/3n9GMdX/ly EUYwQ8iwIhYQ8yHIj0hGAjoQBRJY1BypCyplhiGAEZZynYpyushCoYon C6KdkUU3Dg0DLJN3OW15qlXTOG57b8G4v6k23WLFMjskJOSMeuSRNckNa pE04mZBn8kJenTfn3flwPn9PS07xc0QW4Hz/AOwppAE=</latexit>
r2
<latexit sha1_base64="h0tGnZg 1UtwOlhQcgCbG8EgJoVM=">AAACIXicbVDLSsNAFJ3xWeur1aWbwSK4K kkRdFlw47KifUAbymR6W4dOMmHmRimhn+BWP8CvcSfuxJ8xiVnY1rM6n HMv53D8SEmLjvNF19Y3Nre2Szvl3b39g8NK9ahjdWwEtIVW2vR8bkHJEN ooUUEvMsADX0HXn15nfvcRjJU6vMdZBF7AJ6EcS8Exle7MsDGs1Jy6k4 OtErcgNVKgNazS0mCkRRxAiEJxa/uuE6GXcINSKJiXB7GFiIspn0A/pSE PwHpJ3nXOzmLLUbMIDJOK5SL8/Uh4YO0s8NPLgOODXfYy8T+vH+P4ykt kGMUIociCUCrIg6wwMh0B2EgaQORZc2AyZIIbjghGMi5EKsbpKguBQax QGv00X1TTcN/Xap5u5y4vtUo6jbrr1N3bi1rTKVYskRNySs6JSy5Jk9yQ FmkTQSbkmbyQV/pG3+kH/fw9XaPFzzFZAP3+AYfLo8c=</latexit><latexit sha1_base64="h0tGnZg 1UtwOlhQcgCbG8EgJoVM=">AAACIXicbVDLSsNAFJ3xWeur1aWbwSK4K kkRdFlw47KifUAbymR6W4dOMmHmRimhn+BWP8CvcSfuxJ8xiVnY1rM6n HMv53D8SEmLjvNF19Y3Nre2Szvl3b39g8NK9ahjdWwEtIVW2vR8bkHJEN ooUUEvMsADX0HXn15nfvcRjJU6vMdZBF7AJ6EcS8Exle7MsDGs1Jy6k4 OtErcgNVKgNazS0mCkRRxAiEJxa/uuE6GXcINSKJiXB7GFiIspn0A/pSE PwHpJ3nXOzmLLUbMIDJOK5SL8/Uh4YO0s8NPLgOODXfYy8T+vH+P4ykt kGMUIociCUCrIg6wwMh0B2EgaQORZc2AyZIIbjghGMi5EKsbpKguBQax QGv00X1TTcN/Xap5u5y4vtUo6jbrr1N3bi1rTKVYskRNySs6JSy5Jk9yQ FmkTQSbkmbyQV/pG3+kH/fw9XaPFzzFZAP3+AYfLo8c=</latexit><latexit sha1_base64="h0tGnZg 1UtwOlhQcgCbG8EgJoVM=">AAACIXicbVDLSsNAFJ3xWeur1aWbwSK4K kkRdFlw47KifUAbymR6W4dOMmHmRimhn+BWP8CvcSfuxJ8xiVnY1rM6n HMv53D8SEmLjvNF19Y3Nre2Szvl3b39g8NK9ahjdWwEtIVW2vR8bkHJEN ooUUEvMsADX0HXn15nfvcRjJU6vMdZBF7AJ6EcS8Exle7MsDGs1Jy6k4 OtErcgNVKgNazS0mCkRRxAiEJxa/uuE6GXcINSKJiXB7GFiIspn0A/pSE PwHpJ3nXOzmLLUbMIDJOK5SL8/Uh4YO0s8NPLgOODXfYy8T+vH+P4ykt kGMUIociCUCrIg6wwMh0B2EgaQORZc2AyZIIbjghGMi5EKsbpKguBQax QGv00X1TTcN/Xap5u5y4vtUo6jbrr1N3bi1rTKVYskRNySs6JSy5Jk9yQ FmkTQSbkmbyQV/pG3+kH/fw9XaPFzzFZAP3+AYfLo8c=</latexit><latexit sha1_base64="h0tGnZg 1UtwOlhQcgCbG8EgJoVM=">AAACIXicbVDLSsNAFJ3xWeur1aWbwSK4K kkRdFlw47KifUAbymR6W4dOMmHmRimhn+BWP8CvcSfuxJ8xiVnY1rM6n HMv53D8SEmLjvNF19Y3Nre2Szvl3b39g8NK9ahjdWwEtIVW2vR8bkHJEN ooUUEvMsADX0HXn15nfvcRjJU6vMdZBF7AJ6EcS8Exle7MsDGs1Jy6k4 OtErcgNVKgNazS0mCkRRxAiEJxa/uuE6GXcINSKJiXB7GFiIspn0A/pSE PwHpJ3nXOzmLLUbMIDJOK5SL8/Uh4YO0s8NPLgOODXfYy8T+vH+P4ykt kGMUIociCUCrIg6wwMh0B2EgaQORZc2AyZIIbjghGMi5EKsbpKguBQax QGv00X1TTcN/Xap5u5y4vtUo6jbrr1N3bi1rTKVYskRNySs6JSy5Jk9yQ FmkTQSbkmbyQV/pG3+kH/fw9XaPFzzFZAP3+AYfLo8c=</latexit>
r3
<latexit sha1_base64="jVaka1z Yr0mtNO+KoP3UWPA+/6s=">AAACIXicbVDLSsNAFJ34rPXV6tLNYBFcl UQFXRbcuKxoH9CGMpne1qEzkzBzo5SST3CrH+DXuBN34s+YxCxs61kdz rmXczhBJIVF1/1yVlbX1jc2S1vl7Z3dvf1K9aBtw9hwaPFQhqYbMAtSaG ihQAndyABTgYROMLnO/M4jGCtCfY/TCHzFxlqMBGeYSndmcD6o1Ny6m4 MuE68gNVKgOag6pf4w5LECjVwya3ueG6E/YwYFl5CU+7GFiPEJG0MvpZo psP4s75rQk9gyDGkEhgpJcxH+fsyYsnaqgvRSMXywi14m/uf1Yhxd+TO hoxhB8ywIhYQ8yHIj0hGADoUBRJY1Byo05cwwRDCCMs5TMU5XmQtUsUR hwqdkXk3DgyCUSbqdt7jUMmmf1T237t1e1BpusWKJHJFjcko8ckka5IY0 SYtwMibP5IW8Om/Ou/PhfP6erjjFzyGZg/P9A4mGo8g=</latexit><latexit sha1_base64="jVaka1z Yr0mtNO+KoP3UWPA+/6s=">AAACIXicbVDLSsNAFJ34rPXV6tLNYBFcl UQFXRbcuKxoH9CGMpne1qEzkzBzo5SST3CrH+DXuBN34s+YxCxs61kdz rmXczhBJIVF1/1yVlbX1jc2S1vl7Z3dvf1K9aBtw9hwaPFQhqYbMAtSaG ihQAndyABTgYROMLnO/M4jGCtCfY/TCHzFxlqMBGeYSndmcD6o1Ny6m4 MuE68gNVKgOag6pf4w5LECjVwya3ueG6E/YwYFl5CU+7GFiPEJG0MvpZo psP4s75rQk9gyDGkEhgpJcxH+fsyYsnaqgvRSMXywi14m/uf1Yhxd+TO hoxhB8ywIhYQ8yHIj0hGADoUBRJY1Byo05cwwRDCCMs5TMU5XmQtUsUR hwqdkXk3DgyCUSbqdt7jUMmmf1T237t1e1BpusWKJHJFjcko8ckka5IY0 SYtwMibP5IW8Om/Ou/PhfP6erjjFzyGZg/P9A4mGo8g=</latexit><latexit sha1_base64="jVaka1z Yr0mtNO+KoP3UWPA+/6s=">AAACIXicbVDLSsNAFJ34rPXV6tLNYBFcl UQFXRbcuKxoH9CGMpne1qEzkzBzo5SST3CrH+DXuBN34s+YxCxs61kdz rmXczhBJIVF1/1yVlbX1jc2S1vl7Z3dvf1K9aBtw9hwaPFQhqYbMAtSaG ihQAndyABTgYROMLnO/M4jGCtCfY/TCHzFxlqMBGeYSndmcD6o1Ny6m4 MuE68gNVKgOag6pf4w5LECjVwya3ueG6E/YwYFl5CU+7GFiPEJG0MvpZo psP4s75rQk9gyDGkEhgpJcxH+fsyYsnaqgvRSMXywi14m/uf1Yhxd+TO hoxhB8ywIhYQ8yHIj0hGADoUBRJY1Byo05cwwRDCCMs5TMU5XmQtUsUR hwqdkXk3DgyCUSbqdt7jUMmmf1T237t1e1BpusWKJHJFjcko8ckka5IY0 SYtwMibP5IW8Om/Ou/PhfP6erjjFzyGZg/P9A4mGo8g=</latexit><latexit sha1_base64="jVaka1z Yr0mtNO+KoP3UWPA+/6s=">AAACIXicbVDLSsNAFJ34rPXV6tLNYBFcl UQFXRbcuKxoH9CGMpne1qEzkzBzo5SST3CrH+DXuBN34s+YxCxs61kdz rmXczhBJIVF1/1yVlbX1jc2S1vl7Z3dvf1K9aBtw9hwaPFQhqYbMAtSaG ihQAndyABTgYROMLnO/M4jGCtCfY/TCHzFxlqMBGeYSndmcD6o1Ny6m4 MuE68gNVKgOag6pf4w5LECjVwya3ueG6E/YwYFl5CU+7GFiPEJG0MvpZo psP4s75rQk9gyDGkEhgpJcxH+fsyYsnaqgvRSMXywi14m/uf1Yhxd+TO hoxhB8ywIhYQ8yHIj0hGADoUBRJY1Byo05cwwRDCCMs5TMU5XmQtUsUR hwqdkXk3DgyCUSbqdt7jUMmmf1T237t1e1BpusWKJHJFjcko8ckka5IY0 SYtwMibP5IW8Om/Ou/PhfP6erjjFzyGZg/P9A4mGo8g=</latexit>
r4
<latexit sha1_base64="vBagK8T kXoQ1N7d4hCyXfzpTLxI=">AAACIXicbVDLSsNAFJ2pr1pfrS7dDBbBV UlE0GXBjcuK9gFtKJPpbR06yYSZG6WEfoJb/QC/xp24E3/GJGZhW8/qc M69nMPxIyUtOs4XLa2tb2xulbcrO7t7+wfV2mHH6tgIaAuttOn53IKSIb RRooJeZIAHvoKuP73O/O4jGCt1eI+zCLyAT0I5loJjKt2Z4cWwWncaTg 62StyC1EmB1rBGy4ORFnEAIQrFre27ToRewg1KoWBeGcQWIi6mfAL9lIY 8AOsledc5O40tR80iMEwqlovw9yPhgbWzwE8vA44PdtnLxP+8fozjKy+ RYRQjhCILQqkgD7LCyHQEYCNpAJFnzYHJkAluOCIYybgQqRinqywEBrF CafTTfFFNw31fq3m6nbu81CrpnDdcp+HeXtSbTrFimRyTE3JGXHJJmuSG tEibCDIhz+SFvNI3+k4/6OfvaYkWP0dkAfT7B4tBo8k=</latexit><latexit sha1_base64="vBagK8T kXoQ1N7d4hCyXfzpTLxI=">AAACIXicbVDLSsNAFJ2pr1pfrS7dDBbBV UlE0GXBjcuK9gFtKJPpbR06yYSZG6WEfoJb/QC/xp24E3/GJGZhW8/qc M69nMPxIyUtOs4XLa2tb2xulbcrO7t7+wfV2mHH6tgIaAuttOn53IKSIb RRooJeZIAHvoKuP73O/O4jGCt1eI+zCLyAT0I5loJjKt2Z4cWwWncaTg 62StyC1EmB1rBGy4ORFnEAIQrFre27ToRewg1KoWBeGcQWIi6mfAL9lIY 8AOsledc5O40tR80iMEwqlovw9yPhgbWzwE8vA44PdtnLxP+8fozjKy+ RYRQjhCILQqkgD7LCyHQEYCNpAJFnzYHJkAluOCIYybgQqRinqywEBrF CafTTfFFNw31fq3m6nbu81CrpnDdcp+HeXtSbTrFimRyTE3JGXHJJmuSG tEibCDIhz+SFvNI3+k4/6OfvaYkWP0dkAfT7B4tBo8k=</latexit><latexit sha1_base64="vBagK8T kXoQ1N7d4hCyXfzpTLxI=">AAACIXicbVDLSsNAFJ2pr1pfrS7dDBbBV UlE0GXBjcuK9gFtKJPpbR06yYSZG6WEfoJb/QC/xp24E3/GJGZhW8/qc M69nMPxIyUtOs4XLa2tb2xulbcrO7t7+wfV2mHH6tgIaAuttOn53IKSIb RRooJeZIAHvoKuP73O/O4jGCt1eI+zCLyAT0I5loJjKt2Z4cWwWncaTg 62StyC1EmB1rBGy4ORFnEAIQrFre27ToRewg1KoWBeGcQWIi6mfAL9lIY 8AOsledc5O40tR80iMEwqlovw9yPhgbWzwE8vA44PdtnLxP+8fozjKy+ RYRQjhCILQqkgD7LCyHQEYCNpAJFnzYHJkAluOCIYybgQqRinqywEBrF CafTTfFFNw31fq3m6nbu81CrpnDdcp+HeXtSbTrFimRyTE3JGXHJJmuSG tEibCDIhz+SFvNI3+k4/6OfvaYkWP0dkAfT7B4tBo8k=</latexit><latexit sha1_base64="vBagK8T kXoQ1N7d4hCyXfzpTLxI=">AAACIXicbVDLSsNAFJ2pr1pfrS7dDBbBV UlE0GXBjcuK9gFtKJPpbR06yYSZG6WEfoJb/QC/xp24E3/GJGZhW8/qc M69nMPxIyUtOs4XLa2tb2xulbcrO7t7+wfV2mHH6tgIaAuttOn53IKSIb RRooJeZIAHvoKuP73O/O4jGCt1eI+zCLyAT0I5loJjKt2Z4cWwWncaTg 62StyC1EmB1rBGy4ORFnEAIQrFre27ToRewg1KoWBeGcQWIi6mfAL9lIY 8AOsledc5O40tR80iMEwqlovw9yPhgbWzwE8vA44PdtnLxP+8fozjKy+ RYRQjhCILQqkgD7LCyHQEYCNpAJFnzYHJkAluOCIYybgQqRinqywEBrF CafTTfFFNw31fq3m6nbu81CrpnDdcp+HeXtSbTrFimRyTE3JGXHJJmuSG tEibCDIhz+SFvNI3+k4/6OfvaYkWP0dkAfT7B4tBo8k=</latexit>
r1
<latexit sha1_base64="43dVPI7 1x2F25l4ukOib6S3X/SM=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgq iQi6LLgxmVF+4A2lMn0tg6dyYSZG6WUfIJb/QC/xp24E3/GJGZhW8/qc M69nMMJIiksuu6XU1pb39jcKm9Xdnb39g+qtcOO1bHh0OZaatMLmAUpQm ijQAm9yABTgYRuML3O/O4jGCt0eI+zCHzFJqEYC84wle7M0BtW627DzU FXiVeQOinQGtac8mCkeawgRC6ZtX3PjdCfM4OCS0gqg9hCxPiUTaCf0pA psP4875rQ09gy1DQCQ4WkuQh/P+ZMWTtTQXqpGD7YZS8T//P6MY6v/Lk Ioxgh5FkQCgl5kOVGpCMAHQkDiCxrDlSElDPDEMEIyjhPxThdZSFQxRK F0U/JopqGB4GWSbqdt7zUKumcNzy34d1e1JtusWKZHJMTckY8ckma5Ia0 SJtwMiHP5IW8Om/Ou/PhfP6elpzi54gswPn+AYYQo8Y=</latexit><latexit sha1_base64="43dVPI7 1x2F25l4ukOib6S3X/SM=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgq iQi6LLgxmVF+4A2lMn0tg6dyYSZG6WUfIJb/QC/xp24E3/GJGZhW8/qc M69nMMJIiksuu6XU1pb39jcKm9Xdnb39g+qtcOO1bHh0OZaatMLmAUpQm ijQAm9yABTgYRuML3O/O4jGCt0eI+zCHzFJqEYC84wle7M0BtW627DzU FXiVeQOinQGtac8mCkeawgRC6ZtX3PjdCfM4OCS0gqg9hCxPiUTaCf0pA psP4875rQ09gy1DQCQ4WkuQh/P+ZMWTtTQXqpGD7YZS8T//P6MY6v/Lk Ioxgh5FkQCgl5kOVGpCMAHQkDiCxrDlSElDPDEMEIyjhPxThdZSFQxRK F0U/JopqGB4GWSbqdt7zUKumcNzy34d1e1JtusWKZHJMTckY8ckma5Ia0 SJtwMiHP5IW8Om/Ou/PhfP6elpzi54gswPn+AYYQo8Y=</latexit><latexit sha1_base64="43dVPI7 1x2F25l4ukOib6S3X/SM=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgq iQi6LLgxmVF+4A2lMn0tg6dyYSZG6WUfIJb/QC/xp24E3/GJGZhW8/qc M69nMMJIiksuu6XU1pb39jcKm9Xdnb39g+qtcOO1bHh0OZaatMLmAUpQm ijQAm9yABTgYRuML3O/O4jGCt0eI+zCHzFJqEYC84wle7M0BtW627DzU FXiVeQOinQGtac8mCkeawgRC6ZtX3PjdCfM4OCS0gqg9hCxPiUTaCf0pA psP4875rQ09gy1DQCQ4WkuQh/P+ZMWTtTQXqpGD7YZS8T//P6MY6v/Lk Ioxgh5FkQCgl5kOVGpCMAHQkDiCxrDlSElDPDEMEIyjhPxThdZSFQxRK F0U/JopqGB4GWSbqdt7zUKumcNzy34d1e1JtusWKZHJMTckY8ckma5Ia0 SJtwMiHP5IW8Om/Ou/PhfP6elpzi54gswPn+AYYQo8Y=</latexit><latexit sha1_base64="43dVPI7 1x2F25l4ukOib6S3X/SM=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgq iQi6LLgxmVF+4A2lMn0tg6dyYSZG6WUfIJb/QC/xp24E3/GJGZhW8/qc M69nMMJIiksuu6XU1pb39jcKm9Xdnb39g+qtcOO1bHh0OZaatMLmAUpQm ijQAm9yABTgYRuML3O/O4jGCt0eI+zCHzFJqEYC84wle7M0BtW627DzU FXiVeQOinQGtac8mCkeawgRC6ZtX3PjdCfM4OCS0gqg9hCxPiUTaCf0pA psP4875rQ09gy1DQCQ4WkuQh/P+ZMWTtTQXqpGD7YZS8T//P6MY6v/Lk Ioxgh5FkQCgl5kOVGpCMAHQkDiCxrDlSElDPDEMEIyjhPxThdZSFQxRK F0U/JopqGB4GWSbqdt7zUKumcNzy34d1e1JtusWKZHJMTckY8ckma5Ia0 SJtwMiHP5IW8Om/Ou/PhfP6elpzi54gswPn+AYYQo8Y=</latexit>
(d) round r = 3 (permutation round). The robots move
according to the cyclic order on the reconstructed cen-
tral configuration.
Figure 12: Case of central robot moving when n > 3.
• n > 3 (case L2): We have three sub-cases depending on which Pj robot rl is positioned, and on
the number of other robots on Pj . Note that rl 6∈ P0 (otherwise it would be central). Remember
that Pm is the outermost circle, and it coincides with the SEC of C. We treat each Pj as a set,
e.g. |Pj | indicates the number of robots/positions in Pj . Let x be the difference between the radii
of Pj−1 and Pj , and let h be the segment connecting P0 and robot rl. Let p be the position of
the first robot on P1 encountered by walking in clockwise direction starting from the intersection
between h and P1. Let nhop be the number of positions between p and the robot p
′ that rl wants
to indicate. Recall that p′ is the robot that rl will move towards if rl was in P0.
– Sub-case (L2.1). When Pj 6= Pm or Pj = Pm and |Pm| > 3: Robot rl moves on h towards Pj
by a quantity encode(nhop) ∗ x2 . Where encode is an appropriate function from N to ( 12 , 1).
See Figure 15a for an example.
– Sub-case (L2.2). When Pj = Pm and |Pm| = 3: Note that Pm has to be rotationally sym-
metric; therefore it contains 3 robots each of them forming an angle of 2pi3 with its adjacent
neighbours. Robot rl moves to a point of Pj that creates with its counter-clockwise neighbour
an angle that is encode(nhop) ∗ 2pi3 , where encode is an appropriate function from N to ( 12 , 1).
See Figure 15b for an example.
– Sub-case (L2.3). When Pj = Pm and |Pm| = 2: let s be the segment connecting the two
robots on Pj . Robot rl moves on s, expanding Pj in such a way that the new diameter is
2D + encode(nhop) ∗ D.W , where encode is an appropriate function from N to ( 12 , 1). See
Figure 15c for an example.
Note that is not possible to have |Pm| = 1, since C is rotationally symmetric.
It is easy to see that when rc (or rc and rl) move, the resulting configuration C
′ is not in C.
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Figure 13: Decomposition of a central configuration in concentric circles. Note that P0 is the degenerate
circle formed by only the central robot.
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<latexit sha1_base 64="eZ1XjUev7XWmL6h3ViXruz1Re0Y="> AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrK jSFBGoqEMgjykxIrWl0045fzQ3RoUWfkEWq joEC3fQ8G/YBsXkDDVaGZXOztepKQh2/60 SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbr vgUElA+yQJIX9SCP4nsKeN7vK/N4DaiPD4I 7mEbo+TAM5kQIolW7bo8aoWrPrdg6+SpyC 1FiB9qj6NRyHIvYxIKHAmIFjR+QmoEkKhYv KMDYYgZjBFAcpDcBH4yZ51AU/iw1QyCPUXC qei/h7IwHfmLnvpZM+0L1Z9jLxP28Q0+TS TWQQxYSByA6RVJgfMkLLtAPkY6mRCLLkyGX ABWggQi05CJGKcVpKJe3DWf5+lXQbdceuOz fNWqtZNFNmJ+yUnTOHXbAWu2Zt1mGCTdkT e2Yv1qP1ar1Z7z+jJavYOWZ/YH18A3DokfA =</latexit><latexit sha1_base 64="eZ1XjUev7XWmL6h3ViXruz1Re0Y="> AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrK jSFBGoqEMgjykxIrWl0045fzQ3RoUWfkEWq joEC3fQ8G/YBsXkDDVaGZXOztepKQh2/60 SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbr vgUElA+yQJIX9SCP4nsKeN7vK/N4DaiPD4I 7mEbo+TAM5kQIolW7bo8aoWrPrdg6+SpyC 1FiB9qj6NRyHIvYxIKHAmIFjR+QmoEkKhYv KMDYYgZjBFAcpDcBH4yZ51AU/iw1QyCPUXC qei/h7IwHfmLnvpZM+0L1Z9jLxP28Q0+TS TWQQxYSByA6RVJgfMkLLtAPkY6mRCLLkyGX ABWggQi05CJGKcVpKJe3DWf5+lXQbdceuOz fNWqtZNFNmJ+yUnTOHXbAWu2Zt1mGCTdkT e2Yv1qP1ar1Z7z+jJavYOWZ/YH18A3DokfA =</latexit><latexit sha1_base 64="eZ1XjUev7XWmL6h3ViXruz1Re0Y="> AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrK jSFBGoqEMgjykxIrWl0045fzQ3RoUWfkEWq joEC3fQ8G/YBsXkDDVaGZXOztepKQh2/60 SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbr vgUElA+yQJIX9SCP4nsKeN7vK/N4DaiPD4I 7mEbo+TAM5kQIolW7bo8aoWrPrdg6+SpyC 1FiB9qj6NRyHIvYxIKHAmIFjR+QmoEkKhYv KMDYYgZjBFAcpDcBH4yZ51AU/iw1QyCPUXC qei/h7IwHfmLnvpZM+0L1Z9jLxP28Q0+TS TWQQxYSByA6RVJgfMkLLtAPkY6mRCLLkyGX ABWggQi05CJGKcVpKJe3DWf5+lXQbdceuOz fNWqtZNFNmJ+yUnTOHXbAWu2Zt1mGCTdkT e2Yv1qP1ar1Z7z+jJavYOWZ/YH18A3DokfA =</latexit><latexit sha1_base 64="eZ1XjUev7XWmL6h3ViXruz1Re0Y="> AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrK jSFBGoqEMgjykxIrWl0045fzQ3RoUWfkEWq joEC3fQ8G/YBsXkDDVaGZXOztepKQh2/60 SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbr vgUElA+yQJIX9SCP4nsKeN7vK/N4DaiPD4I 7mEbo+TAM5kQIolW7bo8aoWrPrdg6+SpyC 1FiB9qj6NRyHIvYxIKHAmIFjR+QmoEkKhYv KMDYYgZjBFAcpDcBH4yZ51AU/iw1QyCPUXC qei/h7IwHfmLnvpZM+0L1Z9jLxP28Q0+TS TWQQxYSByA6RVJgfMkLLtAPkY6mRCLLkyGX ABWggQi05CJGKcVpKJe3DWf5+lXQbdceuOz fNWqtZNFNmJ+yUnTOHXbAWu2Zt1mGCTdkT e2Yv1qP1ar1Z7z+jJavYOWZ/YH18A3DokfA =</latexit>
P1
<latexit sha1_bas e64="2mqrwgeMLpF5SvtwSrqYId+awsk= ">AAAB9XicbVC7TsNAEFyHVwivACXNiQi JKrIREpSRaCiDIA8psaLzZRNOOZ+tuzUo ivIJtFDRIVq+h4J/wTYuIGGq0cyudnaCW ElLrvvplFZW19Y3ypuVre2d3b3q/kHbRo kR2BKRikw34BaV1NgiSQq7sUEeBgo7weQ q8zsPaKyM9B1NY/RDPtZyJAWnVLptDrx BtebW3RxsmXgFqUGB5qD61R9GIglRk1Dc 2p7nxuTPuCEpFM4r/cRizMWEj7GXUs1Dt P4sjzpnJ4nlFLEYDZOK5SL+3pjx0NppGK STIad7u+hl4n9eL6HRpT+TOk4ItcgOkVS YH7LCyLQDZENpkIhnyZFJzQQ3nAiNZFyI VEzSUippH97i98ukfVb33Lp3c15rnBfNl OEIjuEUPLiABlxDE1ogYAxP8AwvzqPz6r w57z+jJafYOYQ/cD6+AW9Zke8=</latex it><latexit sha1_bas e64="2mqrwgeMLpF5SvtwSrqYId+awsk= ">AAAB9XicbVC7TsNAEFyHVwivACXNiQi JKrIREpSRaCiDIA8psaLzZRNOOZ+tuzUo ivIJtFDRIVq+h4J/wTYuIGGq0cyudnaCW ElLrvvplFZW19Y3ypuVre2d3b3q/kHbRo kR2BKRikw34BaV1NgiSQq7sUEeBgo7weQ q8zsPaKyM9B1NY/RDPtZyJAWnVLptDrx BtebW3RxsmXgFqUGB5qD61R9GIglRk1Dc 2p7nxuTPuCEpFM4r/cRizMWEj7GXUs1Dt P4sjzpnJ4nlFLEYDZOK5SL+3pjx0NppGK STIad7u+hl4n9eL6HRpT+TOk4ItcgOkVS YH7LCyLQDZENpkIhnyZFJzQQ3nAiNZFyI VEzSUippH97i98ukfVb33Lp3c15rnBfNl OEIjuEUPLiABlxDE1ogYAxP8AwvzqPz6r w57z+jJafYOYQ/cD6+AW9Zke8=</latex it><latexit sha1_bas e64="2mqrwgeMLpF5SvtwSrqYId+awsk= ">AAAB9XicbVC7TsNAEFyHVwivACXNiQi JKrIREpSRaCiDIA8psaLzZRNOOZ+tuzUo ivIJtFDRIVq+h4J/wTYuIGGq0cyudnaCW ElLrvvplFZW19Y3ypuVre2d3b3q/kHbRo kR2BKRikw34BaV1NgiSQq7sUEeBgo7weQ q8zsPaKyM9B1NY/RDPtZyJAWnVLptDrx BtebW3RxsmXgFqUGB5qD61R9GIglRk1Dc 2p7nxuTPuCEpFM4r/cRizMWEj7GXUs1Dt P4sjzpnJ4nlFLEYDZOK5SL+3pjx0NppGK STIad7u+hl4n9eL6HRpT+TOk4ItcgOkVS YH7LCyLQDZENpkIhnyZFJzQQ3nAiNZFyI VEzSUippH97i98ukfVb33Lp3c15rnBfNl OEIjuEUPLiABlxDE1ogYAxP8AwvzqPz6r w57z+jJafYOYQ/cD6+AW9Zke8=</latex it><latexit sha1_bas e64="2mqrwgeMLpF5SvtwSrqYId+awsk= ">AAAB9XicbVC7TsNAEFyHVwivACXNiQi JKrIREpSRaCiDIA8psaLzZRNOOZ+tuzUo ivIJtFDRIVq+h4J/wTYuIGGq0cyudnaCW ElLrvvplFZW19Y3ypuVre2d3b3q/kHbRo kR2BKRikw34BaV1NgiSQq7sUEeBgo7weQ q8zsPaKyM9B1NY/RDPtZyJAWnVLptDrx BtebW3RxsmXgFqUGB5qD61R9GIglRk1Dc 2p7nxuTPuCEpFM4r/cRizMWEj7GXUs1Dt P4sjzpnJ4nlFLEYDZOK5SL+3pjx0NppGK STIad7u+hl4n9eL6HRpT+TOk4ItcgOkVS YH7LCyLQDZENpkIhnyZFJzQQ3nAiNZFyI VEzSUippH97i98ukfVb33Lp3c15rnBfNl OEIjuEUPLiABlxDE1ogYAxP8AwvzqPz6r w57z+jJafYOYQ/cD6+AW9Zke8=</latex it>
(a) L2.1. The non-central leader robot is not on
the SEC, or it is on the SEC with at least other
three robots.
rl
(b) L2.2. The non-central leader robot is on the
SEC, and the SEC contains exactly three robots.
rl
<latexit sha1_base64="mk5vxrdmRyBtr7in3Qj3d8IKKDA=">AAAB9XicbVC7TsNAEDyHVwivACXNi QiJKrIREpSRaCiDIA8psaL1ZRNOOZ+tuzUoivIJtFDRIVq+h4J/wTYuIGGq0cyudnaCWElLrvvplFZW19Y3ypuVre2d3b3q/kHbRokR2BKRikw3AItKamyRJIXd2CCEgcJOMLnK/M4DGisjfUfTGP0QxlqOpABKpV szUINqza27Ofgy8QpSYwWag+pXfxiJJERNQoG1Pc+NyZ+BISkUziv9xGIMYgJj7KVUQ4jWn+VR5/wksUARj9FwqXgu4u+NGYTWTsMgnQyB7u2il4n/eb2ERpf+TOo4IdQiO0RSYX7ICiPTDpAPpUEiyJIjl5oLMEC ERnIQIhWTtJRK2oe3+P0yaZ/VPbfu3ZzXGudFM2V2xI7ZKfPYBWuwa9ZkLSbYmD2xZ/biPDqvzpvz/jNacoqdQ/YHzsc3AJ+STA==</latexit><latexit sha1_base64="mk5vxrdmRyBtr7in3Qj3d8IKKDA=">AAAB9XicbVC7TsNAEDyHVwivACXNi QiJKrIREpSRaCiDIA8psaL1ZRNOOZ+tuzUoivIJtFDRIVq+h4J/wTYuIGGq0cyudnaCWElLrvvplFZW19Y3ypuVre2d3b3q/kHbRokR2BKRikw3AItKamyRJIXd2CCEgcJOMLnK/M4DGisjfUfTGP0QxlqOpABKpV szUINqza27Ofgy8QpSYwWag+pXfxiJJERNQoG1Pc+NyZ+BISkUziv9xGIMYgJj7KVUQ4jWn+VR5/wksUARj9FwqXgu4u+NGYTWTsMgnQyB7u2il4n/eb2ERpf+TOo4IdQiO0RSYX7ICiPTDpAPpUEiyJIjl5oLMEC ERnIQIhWTtJRK2oe3+P0yaZ/VPbfu3ZzXGudFM2V2xI7ZKfPYBWuwa9ZkLSbYmD2xZ/biPDqvzpvz/jNacoqdQ/YHzsc3AJ+STA==</latexit><latexit sha1_base64="mk5vxrdmRyBtr7in3Qj3d8IKKDA=">AAAB9XicbVC7TsNAEDyHVwivACXNi QiJKrIREpSRaCiDIA8psaL1ZRNOOZ+tuzUoivIJtFDRIVq+h4J/wTYuIGGq0cyudnaCWElLrvvplFZW19Y3ypuVre2d3b3q/kHbRokR2BKRikw3AItKamyRJIXd2CCEgcJOMLnK/M4DGisjfUfTGP0QxlqOpABKpV szUINqza27Ofgy8QpSYwWag+pXfxiJJERNQoG1Pc+NyZ+BISkUziv9xGIMYgJj7KVUQ4jWn+VR5/wksUARj9FwqXgu4u+NGYTWTsMgnQyB7u2il4n/eb2ERpf+TOo4IdQiO0RSYX7ICiPTDpAPpUEiyJIjl5oLMEC ERnIQIhWTtJRK2oe3+P0yaZ/VPbfu3ZzXGudFM2V2xI7ZKfPYBWuwa9ZkLSbYmD2xZ/biPDqvzpvz/jNacoqdQ/YHzsc3AJ+STA==</latexit><latexit sha1_base64="mk5vxrdmRyBtr7in3Qj3d8IKKDA=">AAAB9XicbVC7TsNAEDyHVwivACXNi QiJKrIREpSRaCiDIA8psaL1ZRNOOZ+tuzUoivIJtFDRIVq+h4J/wTYuIGGq0cyudnaCWElLrvvplFZW19Y3ypuVre2d3b3q/kHbRokR2BKRikw3AItKamyRJIXd2CCEgcJOMLnK/M4DGisjfUfTGP0QxlqOpABKpV szUINqza27Ofgy8QpSYwWag+pXfxiJJERNQoG1Pc+NyZ+BISkUziv9xGIMYgJj7KVUQ4jWn+VR5/wksUARj9FwqXgu4u+NGYTWTsMgnQyB7u2il4n/eb2ERpf+TOo4IdQiO0RSYX7ICiPTDpAPpUEiyJIjl5oLMEC ERnIQIhWTtJRK2oe3+P0yaZ/VPbfu3ZzXGudFM2V2xI7ZKfPYBWuwa9ZkLSbYmD2xZ/biPDqvzpvz/jNacoqdQ/YHzsc3AJ+STA==</latexit>
N
<latexit sha1_base64="2Vk6o0AZV5i0lnNnwHfPyCsPrnQ=">AAAC H3icbVDLSsNAFJ3UV62vVpduBovgqiRS0GXBjStpwT6gDWUyva1DZ5Iwc6OUkC9wqx/g17gTt/0bk5iFbT2rwzn3cg7HC6UwaNtLq7S1vbO7V96v HBweHZ9Ua6c9E0SaQ5cHMtADjxmQwocuCpQwCDUw5Unoe/O7zO8/gzYi8B9xEYKr2MwXU8EZplLnYVyt2w07B90kTkHqpEB7XLPKo0nAIwU+csm MGTp2iG7MNAouIamMIgMh43M2g2FKfabAuHHeNKGXkWEY0BA0FZLmIvz9iJkyZqG89FIxfDLrXib+5w0jnN66sfDDCMHnWRAKCXmQ4VqkEwCdCA2 ILGsOVPiUM80QQQvKOE/FKN1kJVBFEoUOXpJVNQ33vEAm6XbO+lKbpHfdcOyG02nWW81ixTI5JxfkijjkhrTIPWmTLuEEyCt5I+/Wh/VpfVnfv6c lq/g5Iyuwlj8EPqMC</latexit><latexit sha1_base64="2Vk6o0AZV5i0lnNnwHfPyCsPrnQ=">AAAC H3icbVDLSsNAFJ3UV62vVpduBovgqiRS0GXBjStpwT6gDWUyva1DZ5Iwc6OUkC9wqx/g17gTt/0bk5iFbT2rwzn3cg7HC6UwaNtLq7S1vbO7V96v HBweHZ9Ua6c9E0SaQ5cHMtADjxmQwocuCpQwCDUw5Unoe/O7zO8/gzYi8B9xEYKr2MwXU8EZplLnYVyt2w07B90kTkHqpEB7XLPKo0nAIwU+csm MGTp2iG7MNAouIamMIgMh43M2g2FKfabAuHHeNKGXkWEY0BA0FZLmIvz9iJkyZqG89FIxfDLrXib+5w0jnN66sfDDCMHnWRAKCXmQ4VqkEwCdCA2 ILGsOVPiUM80QQQvKOE/FKN1kJVBFEoUOXpJVNQ33vEAm6XbO+lKbpHfdcOyG02nWW81ixTI5JxfkijjkhrTIPWmTLuEEyCt5I+/Wh/VpfVnfv6c lq/g5Iyuwlj8EPqMC</latexit><latexit sha1_base64="2Vk6o0AZV5i0lnNnwHfPyCsPrnQ=">AAAC H3icbVDLSsNAFJ3UV62vVpduBovgqiRS0GXBjStpwT6gDWUyva1DZ5Iwc6OUkC9wqx/g17gTt/0bk5iFbT2rwzn3cg7HC6UwaNtLq7S1vbO7V96v HBweHZ9Ua6c9E0SaQ5cHMtADjxmQwocuCpQwCDUw5Unoe/O7zO8/gzYi8B9xEYKr2MwXU8EZplLnYVyt2w07B90kTkHqpEB7XLPKo0nAIwU+csm MGTp2iG7MNAouIamMIgMh43M2g2FKfabAuHHeNKGXkWEY0BA0FZLmIvz9iJkyZqG89FIxfDLrXib+5w0jnN66sfDDCMHnWRAKCXmQ4VqkEwCdCA2 ILGsOVPiUM80QQQvKOE/FKN1kJVBFEoUOXpJVNQ33vEAm6XbO+lKbpHfdcOyG02nWW81ixTI5JxfkijjkhrTIPWmTLuEEyCt5I+/Wh/VpfVnfv6c lq/g5Iyuwlj8EPqMC</latexit><latexit sha1_base64="2Vk6o0AZV5i0lnNnwHfPyCsPrnQ=">AAAC H3icbVDLSsNAFJ3UV62vVpduBovgqiRS0GXBjStpwT6gDWUyva1DZ5Iwc6OUkC9wqx/g17gTt/0bk5iFbT2rwzn3cg7HC6UwaNtLq7S1vbO7V96v HBweHZ9Ua6c9E0SaQ5cHMtADjxmQwocuCpQwCDUw5Unoe/O7zO8/gzYi8B9xEYKr2MwXU8EZplLnYVyt2w07B90kTkHqpEB7XLPKo0nAIwU+csm MGTp2iG7MNAouIamMIgMh43M2g2FKfabAuHHeNKGXkWEY0BA0FZLmIvz9iJkyZqG89FIxfDLrXib+5w0jnN66sfDDCMHnWRAKCXmQ4VqkEwCdCA2 ILGsOVPiUM80QQQvKOE/FKN1kJVBFEoUOXpJVNQ33vEAm6XbO+lKbpHfdcOyG02nWW81ixTI5JxfkijjkhrTIPWmTLuEEyCt5I+/Wh/VpfVnfv6c lq/g5Iyuwlj8EPqMC</latexit>
(c) L2.3. The non-central leader robot is on the
SEC, and the SEC contains exactly two robots.
Figure 15: Movements of non-central leader robot rl when n ≥ 4.
23
P2
<latexit sha1_base64="eZ1XjUev7XWmL6h 3ViXruz1Re0Y=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrKjSFBGoqEMgjykxIrWl0045 fzQ3RoUWfkEWqjoEC3fQ8G/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18Khrw lgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vK/N4DaiPD4I7mEbo+TAM5kQIolW7bo8aoWrPrd g6+SpyC1FiB9qj6NRyHIvYxIKHAmIFjR+QmoEkKhYvKMDYYgZjBFAcpDcBH4yZ51AU/iw1Qy CPUXCqei/h7IwHfmLnvpZM+0L1Z9jLxP28Q0+TSTWQQxYSByA6RVJgfMkLLtAPkY6mRCLLky GXABWggQi05CJGKcVpKJe3DWf5+lXQbdceuOzfNWqtZNFNmJ+yUnTOHXbAWu2Zt1mGCTdkTe2 Yv1qP1ar1Z7z+jJavYOWZ/YH18A3DokfA=</latexit><latexit sha1_base64="eZ1XjUev7XWmL6h 3ViXruz1Re0Y=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrKjSFBGoqEMgjykxIrWl0045 fzQ3RoUWfkEWqjoEC3fQ8G/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18Khrw lgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vK/N4DaiPD4I7mEbo+TAM5kQIolW7bo8aoWrPrd g6+SpyC1FiB9qj6NRyHIvYxIKHAmIFjR+QmoEkKhYvKMDYYgZjBFAcpDcBH4yZ51AU/iw1Qy CPUXCqei/h7IwHfmLnvpZM+0L1Z9jLxP28Q0+TSTWQQxYSByA6RVJgfMkLLtAPkY6mRCLLky GXABWggQi05CJGKcVpKJe3DWf5+lXQbdceuOzfNWqtZNFNmJ+yUnTOHXbAWu2Zt1mGCTdkTe2 Yv1qP1ar1Z7z+jJavYOWZ/YH18A3DokfA=</latexit><latexit sha1_base64="eZ1XjUev7XWmL6h 3ViXruz1Re0Y=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrKjSFBGoqEMgjykxIrWl0045 fzQ3RoUWfkEWqjoEC3fQ8G/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18Khrw lgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vK/N4DaiPD4I7mEbo+TAM5kQIolW7bo8aoWrPrd g6+SpyC1FiB9qj6NRyHIvYxIKHAmIFjR+QmoEkKhYvKMDYYgZjBFAcpDcBH4yZ51AU/iw1Qy CPUXCqei/h7IwHfmLnvpZM+0L1Z9jLxP28Q0+TSTWQQxYSByA6RVJgfMkLLtAPkY6mRCLLky GXABWggQi05CJGKcVpKJe3DWf5+lXQbdceuOzfNWqtZNFNmJ+yUnTOHXbAWu2Zt1mGCTdkTe2 Yv1qP1ar1Z7z+jJavYOWZ/YH18A3DokfA=</latexit><latexit sha1_base64="eZ1XjUev7XWmL6h 3ViXruz1Re0Y=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrKjSFBGoqEMgjykxIrWl0045 fzQ3RoUWfkEWqjoEC3fQ8G/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18Khrw lgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vK/N4DaiPD4I7mEbo+TAM5kQIolW7bo8aoWrPrd g6+SpyC1FiB9qj6NRyHIvYxIKHAmIFjR+QmoEkKhYvKMDYYgZjBFAcpDcBH4yZ51AU/iw1Qy CPUXCqei/h7IwHfmLnvpZM+0L1Z9jLxP28Q0+TSTWQQxYSByA6RVJgfMkLLtAPkY6mRCLLky GXABWggQi05CJGKcVpKJe3DWf5+lXQbdceuOzfNWqtZNFNmJ+yUnTOHXbAWu2Zt1mGCTdkTe2 Yv1qP1ar1Z7z+jJavYOWZ/YH18A3DokfA=</latexit>
P1
<latexit sha1_base64="2mqrwgeMLpF5S vtwSrqYId+awsk=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrIREpSRaCiDIA8psaL zZRNOOZ+tuzUoivIJtFDRIVq+h4J/wTYuIGGq0cyudnaCWElLrvvplFZW19Y3ypuVre2d 3b3q/kHbRokR2BKRikw34BaV1NgiSQq7sUEeBgo7weQq8zsPaKyM9B1NY/RDPtZyJAWn VLptDrxBtebW3RxsmXgFqUGB5qD61R9GIglRk1Dc2p7nxuTPuCEpFM4r/cRizMWEj7GXU s1DtP4sjzpnJ4nlFLEYDZOK5SL+3pjx0NppGKSTIad7u+hl4n9eL6HRpT+TOk4ItcgOkV SYH7LCyLQDZENpkIhnyZFJzQQ3nAiNZFyIVEzSUippH97i98ukfVb33Lp3c15rnBfNlO EIjuEUPLiABlxDE1ogYAxP8AwvzqPz6rw57z+jJafYOYQ/cD6+AW9Zke8=</latexit><latexit sha1_base64="2mqrwgeMLpF5S vtwSrqYId+awsk=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrIREpSRaCiDIA8psaL zZRNOOZ+tuzUoivIJtFDRIVq+h4J/wTYuIGGq0cyudnaCWElLrvvplFZW19Y3ypuVre2d 3b3q/kHbRokR2BKRikw34BaV1NgiSQq7sUEeBgo7weQq8zsPaKyM9B1NY/RDPtZyJAWn VLptDrxBtebW3RxsmXgFqUGB5qD61R9GIglRk1Dc2p7nxuTPuCEpFM4r/cRizMWEj7GXU s1DtP4sjzpnJ4nlFLEYDZOK5SL+3pjx0NppGKSTIad7u+hl4n9eL6HRpT+TOk4ItcgOkV SYH7LCyLQDZENpkIhnyZFJzQQ3nAiNZFyIVEzSUippH97i98ukfVb33Lp3c15rnBfNlO EIjuEUPLiABlxDE1ogYAxP8AwvzqPz6rw57z+jJafYOYQ/cD6+AW9Zke8=</latexit><latexit sha1_base64="2mqrwgeMLpF5S vtwSrqYId+awsk=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrIREpSRaCiDIA8psaL zZRNOOZ+tuzUoivIJtFDRIVq+h4J/wTYuIGGq0cyudnaCWElLrvvplFZW19Y3ypuVre2d 3b3q/kHbRokR2BKRikw34BaV1NgiSQq7sUEeBgo7weQq8zsPaKyM9B1NY/RDPtZyJAWn VLptDrxBtebW3RxsmXgFqUGB5qD61R9GIglRk1Dc2p7nxuTPuCEpFM4r/cRizMWEj7GXU s1DtP4sjzpnJ4nlFLEYDZOK5SL+3pjx0NppGKSTIad7u+hl4n9eL6HRpT+TOk4ItcgOkV SYH7LCyLQDZENpkIhnyZFJzQQ3nAiNZFyIVEzSUippH97i98ukfVb33Lp3c15rnBfNlO EIjuEUPLiABlxDE1ogYAxP8AwvzqPz6rw57z+jJafYOYQ/cD6+AW9Zke8=</latexit><latexit sha1_base64="2mqrwgeMLpF5S vtwSrqYId+awsk=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrIREpSRaCiDIA8psaL zZRNOOZ+tuzUoivIJtFDRIVq+h4J/wTYuIGGq0cyudnaCWElLrvvplFZW19Y3ypuVre2d 3b3q/kHbRokR2BKRikw34BaV1NgiSQq7sUEeBgo7weQq8zsPaKyM9B1NY/RDPtZyJAWn VLptDrxBtebW3RxsmXgFqUGB5qD61R9GIglRk1Dc2p7nxuTPuCEpFM4r/cRizMWEj7GXU s1DtP4sjzpnJ4nlFLEYDZOK5SL+3pjx0NppGKSTIad7u+hl4n9eL6HRpT+TOk4ItcgOkV SYH7LCyLQDZENpkIhnyZFJzQQ3nAiNZFyIVEzSUippH97i98ukfVb33Lp3c15rnBfNlO EIjuEUPLiABlxDE1ogYAxP8AwvzqPz6rw57z+jJafYOYQ/cD6+AW9Zke8=</latexit>
P3
<latexit sha1_base64="VwNBy1f0BmAgtFqd Z54yYer/nTw=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgqiRa0GXBjcuK9gFtKJPpbR06yYSZG6 WEfIJb/QC/xp24E3/GJGZhW8/qcM69nMPxQikM2vaXVVpb39jcKm9Xdnb39g+qtcOuUZHm0OFKKt 33mAEpAuigQAn9UAPzPQk9b3ad+b1H0Eao4B7nIbg+mwZiIjjDVLprjy5G1brdsHPQVeIUpE4KtE c1qzwcKx75ECCXzJiBY4foxkyj4BKSyjAyEDI+Y1MYpDRgPhg3zrsm9DQyDBUNQVMhaS7C34+Y+c bMfS+99Bk+mGUvE//zBhFOrtxYBGGEEPAsCIWEPMhwLdIRgI6FBkSWNQcqAsqZZoigBWWcp2KUr rIQ6EcShVZPyaKahnuekkm6nbO81Crpnjccu+HcNuutZrFimRyTE3JGHHJJWuSGtEmHcDIlz+SFv Fpv1rv1YX3+npas4ueILMD6/gFPoKOq</latexit><latexit sha1_base64="VwNBy1f0BmAgtFqd Z54yYer/nTw=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgqiRa0GXBjcuK9gFtKJPpbR06yYSZG6 WEfIJb/QC/xp24E3/GJGZhW8/qcM69nMPxQikM2vaXVVpb39jcKm9Xdnb39g+qtcOuUZHm0OFKKt 33mAEpAuigQAn9UAPzPQk9b3ad+b1H0Eao4B7nIbg+mwZiIjjDVLprjy5G1brdsHPQVeIUpE4KtE c1qzwcKx75ECCXzJiBY4foxkyj4BKSyjAyEDI+Y1MYpDRgPhg3zrsm9DQyDBUNQVMhaS7C34+Y+c bMfS+99Bk+mGUvE//zBhFOrtxYBGGEEPAsCIWEPMhwLdIRgI6FBkSWNQcqAsqZZoigBWWcp2KUr rIQ6EcShVZPyaKahnuekkm6nbO81Crpnjccu+HcNuutZrFimRyTE3JGHHJJWuSGtEmHcDIlz+SFv Fpv1rv1YX3+npas4ueILMD6/gFPoKOq</latexit><latexit sha1_base64="VwNBy1f0BmAgtFqd Z54yYer/nTw=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgqiRa0GXBjcuK9gFtKJPpbR06yYSZG6 WEfIJb/QC/xp24E3/GJGZhW8/qcM69nMPxQikM2vaXVVpb39jcKm9Xdnb39g+qtcOuUZHm0OFKKt 33mAEpAuigQAn9UAPzPQk9b3ad+b1H0Eao4B7nIbg+mwZiIjjDVLprjy5G1brdsHPQVeIUpE4KtE c1qzwcKx75ECCXzJiBY4foxkyj4BKSyjAyEDI+Y1MYpDRgPhg3zrsm9DQyDBUNQVMhaS7C34+Y+c bMfS+99Bk+mGUvE//zBhFOrtxYBGGEEPAsCIWEPMhwLdIRgI6FBkSWNQcqAsqZZoigBWWcp2KUr rIQ6EcShVZPyaKahnuekkm6nbO81Crpnjccu+HcNuutZrFimRyTE3JGHHJJWuSGtEmHcDIlz+SFv Fpv1rv1YX3+npas4ueILMD6/gFPoKOq</latexit><latexit sha1_base64="VwNBy1f0BmAgtFqd Z54yYer/nTw=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgqiRa0GXBjcuK9gFtKJPpbR06yYSZG6 WEfIJb/QC/xp24E3/GJGZhW8/qcM69nMPxQikM2vaXVVpb39jcKm9Xdnb39g+qtcOuUZHm0OFKKt 33mAEpAuigQAn9UAPzPQk9b3ad+b1H0Eao4B7nIbg+mwZiIjjDVLprjy5G1brdsHPQVeIUpE4KtE c1qzwcKx75ECCXzJiBY4foxkyj4BKSyjAyEDI+Y1MYpDRgPhg3zrsm9DQyDBUNQVMhaS7C34+Y+c bMfS+99Bk+mGUvE//zBhFOrtxYBGGEEPAsCIWEPMhwLdIRgI6FBkSWNQcqAsqZZoigBWWcp2KUr rIQ6EcShVZPyaKahnuekkm6nbO81Crpnjccu+HcNuutZrFimRyTE3JGHHJJWuSGtEmHcDIlz+SFv Fpv1rv1YX3+npas4ueILMD6/gFPoKOq</latexit>
P0
<latexit sha1_base64="vl1Ut5jN4y7ioQUh FcPop5PGEZA=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgqiQi6LLgxmVF+4A2lMn0tg6dScLMjV JCP8GtfoBf407ciT/jJGZhW8/qcM69nMMJYikMuu6XU1pb39jcKm9Xdnb39g+qtcOOiRLNoc0jGe lewAxIEUIbBUroxRqYCiR0g+l15ncfQRsRhfc4i8FXbBKKseAMrXTXGrrDat1tuDnoKvEKUicFWs OaUx6MIp4oCJFLZkzfc2P0U6ZRcAnzyiAxEDM+ZRPoWxoyBcZP865zepoYhhGNQVMhaS7C34+UKW NmKrCXiuGDWfYy8T+vn+D4yk9FGCcIIc+CUEjIgwzXwo4AdCQ0ILKsOVARUs40QwQtKOPcioldZ SFQJRKFjp7mi6oND4JIzu123vJSq6Rz3vDchnd7UW9eFCuWyTE5IWfEI5ekSW5Ii7QJJxPyTF7Iq /PmvDsfzufvackpfo7IApzvH0pvo6c=</latexit><latexit sha1_base64="vl1Ut5jN4y7ioQUh FcPop5PGEZA=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgqiQi6LLgxmVF+4A2lMn0tg6dScLMjV JCP8GtfoBf407ciT/jJGZhW8/qcM69nMMJYikMuu6XU1pb39jcKm9Xdnb39g+qtcOOiRLNoc0jGe lewAxIEUIbBUroxRqYCiR0g+l15ncfQRsRhfc4i8FXbBKKseAMrXTXGrrDat1tuDnoKvEKUicFWs OaUx6MIp4oCJFLZkzfc2P0U6ZRcAnzyiAxEDM+ZRPoWxoyBcZP865zepoYhhGNQVMhaS7C34+UKW NmKrCXiuGDWfYy8T+vn+D4yk9FGCcIIc+CUEjIgwzXwo4AdCQ0ILKsOVARUs40QwQtKOPcioldZ SFQJRKFjp7mi6oND4JIzu123vJSq6Rz3vDchnd7UW9eFCuWyTE5IWfEI5ekSW5Ii7QJJxPyTF7Iq /PmvDsfzufvackpfo7IApzvH0pvo6c=</latexit><latexit sha1_base64="vl1Ut5jN4y7ioQUh FcPop5PGEZA=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgqiQi6LLgxmVF+4A2lMn0tg6dScLMjV JCP8GtfoBf407ciT/jJGZhW8/qcM69nMMJYikMuu6XU1pb39jcKm9Xdnb39g+qtcOOiRLNoc0jGe lewAxIEUIbBUroxRqYCiR0g+l15ncfQRsRhfc4i8FXbBKKseAMrXTXGrrDat1tuDnoKvEKUicFWs OaUx6MIp4oCJFLZkzfc2P0U6ZRcAnzyiAxEDM+ZRPoWxoyBcZP865zepoYhhGNQVMhaS7C34+UKW NmKrCXiuGDWfYy8T+vn+D4yk9FGCcIIc+CUEjIgwzXwo4AdCQ0ILKsOVARUs40QwQtKOPcioldZ SFQJRKFjp7mi6oND4JIzu123vJSq6Rz3vDchnd7UW9eFCuWyTE5IWfEI5ekSW5Ii7QJJxPyTF7Iq /PmvDsfzufvackpfo7IApzvH0pvo6c=</latexit><latexit sha1_base64="vl1Ut5jN4y7ioQUh FcPop5PGEZA=">AAACIXicbVDLSsNAFJ3UV62vVpduBovgqiQi6LLgxmVF+4A2lMn0tg6dScLMjV JCP8GtfoBf407ciT/jJGZhW8/qcM69nMMJYikMuu6XU1pb39jcKm9Xdnb39g+qtcOOiRLNoc0jGe lewAxIEUIbBUroxRqYCiR0g+l15ncfQRsRhfc4i8FXbBKKseAMrXTXGrrDat1tuDnoKvEKUicFWs OaUx6MIp4oCJFLZkzfc2P0U6ZRcAnzyiAxEDM+ZRPoWxoyBcZP865zepoYhhGNQVMhaS7C34+UKW NmKrCXiuGDWfYy8T+vn+D4yk9FGCcIIc+CUEjIgwzXwo4AdCQ0ILKsOVARUs40QwQtKOPcioldZ SFQJRKFjp7mi6oND4JIzu123vJSq6Rz3vDchnd7UW9eFCuWyTE5IWfEI5ekSW5Ii7QJJxPyTF7Iq /PmvDsfzufvackpfo7IApzvH0pvo6c=</latexit>
p0
<latexit sha1_base64="3NUVgsHF3vwgSMtS cEeQWKxagL4=">AAACIHicbVA7TsNAFFyHXwi/BEqaFQFBFdkICcpINJQBkY+UWNF68xJWWXut3W dQZPkGtHAATkOHKOE02MYFSZhqNPOeZjReKIVB2/6ySiura+sb5c3K1vbO7l61tt8xKtIc2lxJpX seMyBFAG0UKKEXamC+J6HrTa8zv/sI2ggV3OMsBNdnk0CMBWeYSnfh6bBatxt2DrpMnILUSYHWsG aVByPFIx8C5JIZ03fsEN2YaRRcQlIZRAZCxqdsAv2UBswH48Z51YSeRIahoiFoKiTNRfj7ETPfmJ nvpZc+wwez6GXif14/wvGVG4sgjBACngWhkJAHGa5FugHQkdCAyLLmQEVAOdMMEbSgjPNUjNJR5 gL9SKLQ6imZV9Nwz1MySbdzFpdaJp3zhmM3nNuLevO4WLFMDskROSMOuSRNckNapE04GZNn8kJer Tfr3fqwPn9PS1bxc0DmYH3/AKNMo0U=</latexit><latexit sha1_base64="3NUVgsHF3vwgSMtS cEeQWKxagL4=">AAACIHicbVA7TsNAFFyHXwi/BEqaFQFBFdkICcpINJQBkY+UWNF68xJWWXut3W dQZPkGtHAATkOHKOE02MYFSZhqNPOeZjReKIVB2/6ySiura+sb5c3K1vbO7l61tt8xKtIc2lxJpX seMyBFAG0UKKEXamC+J6HrTa8zv/sI2ggV3OMsBNdnk0CMBWeYSnfh6bBatxt2DrpMnILUSYHWsG aVByPFIx8C5JIZ03fsEN2YaRRcQlIZRAZCxqdsAv2UBswH48Z51YSeRIahoiFoKiTNRfj7ETPfmJ nvpZc+wwez6GXif14/wvGVG4sgjBACngWhkJAHGa5FugHQkdCAyLLmQEVAOdMMEbSgjPNUjNJR5 gL9SKLQ6imZV9Nwz1MySbdzFpdaJp3zhmM3nNuLevO4WLFMDskROSMOuSRNckNapE04GZNn8kJer Tfr3fqwPn9PS1bxc0DmYH3/AKNMo0U=</latexit><latexit sha1_base64="3NUVgsHF3vwgSMtS cEeQWKxagL4=">AAACIHicbVA7TsNAFFyHXwi/BEqaFQFBFdkICcpINJQBkY+UWNF68xJWWXut3W dQZPkGtHAATkOHKOE02MYFSZhqNPOeZjReKIVB2/6ySiura+sb5c3K1vbO7l61tt8xKtIc2lxJpX seMyBFAG0UKKEXamC+J6HrTa8zv/sI2ggV3OMsBNdnk0CMBWeYSnfh6bBatxt2DrpMnILUSYHWsG aVByPFIx8C5JIZ03fsEN2YaRRcQlIZRAZCxqdsAv2UBswH48Z51YSeRIahoiFoKiTNRfj7ETPfmJ nvpZc+wwez6GXif14/wvGVG4sgjBACngWhkJAHGa5FugHQkdCAyLLmQEVAOdMMEbSgjPNUjNJR5 gL9SKLQ6imZV9Nwz1MySbdzFpdaJp3zhmM3nNuLevO4WLFMDskROSMOuSRNckNapE04GZNn8kJer Tfr3fqwPn9PS1bxc0DmYH3/AKNMo0U=</latexit><latexit sha1_base64="3NUVgsHF3vwgSMtS cEeQWKxagL4=">AAACIHicbVA7TsNAFFyHXwi/BEqaFQFBFdkICcpINJQBkY+UWNF68xJWWXut3W dQZPkGtHAATkOHKOE02MYFSZhqNPOeZjReKIVB2/6ySiura+sb5c3K1vbO7l61tt8xKtIc2lxJpX seMyBFAG0UKKEXamC+J6HrTa8zv/sI2ggV3OMsBNdnk0CMBWeYSnfh6bBatxt2DrpMnILUSYHWsG aVByPFIx8C5JIZ03fsEN2YaRRcQlIZRAZCxqdsAv2UBswH48Z51YSeRIahoiFoKiTNRfj7ETPfmJ nvpZc+wwez6GXif14/wvGVG4sgjBACngWhkJAHGa5FugHQkdCAyLLmQEVAOdMMEbSgjPNUjNJR5 gL9SKLQ6imZV9Nwz1MySbdzFpdaJp3zhmM3nNuLevO4WLFMDskROSMOuSRNckNapE04GZNn8kJer Tfr3fqwPn9PS1bxc0DmYH3/AKNMo0U=</latexit>
Figure 14: Movement of the central robot rc: it moves towards position p
′ of a distance that is much
smaller than the radius of P1. The pivot point p
′ is on P1
Reconstruction of the initial configuration. When the current configuration C ′ is not in C and
the robots have bit b = 1, the robots know that they are in an intermediate configuration and they have
to (1) reconstruct the original configuration C, (2) determine the pivot point p′ in C, and (3) identify
the leader robot rl. The reconstruction is performed by procedure Reconstruct, which again, depends
on the value of n.
• In case n = 3: the robots are forming a triangle. The base of the triangle is its largest edge e. The
algorithm uses the height of the triangle, w.r.t. the base e to understand if rl was rc or not (see
Figure 16c).
– If the height of the triangle is exactly half of e, the algorithm infers that rl = rc and that
the two other robots are the endpoints of e, case (C1). The pivot p′ is the point of the first
clockwise robots encountered following the arc that includes robot rl and the other two. The
original configuration C is easily reconstructed: the endpoints of e are in the same position,
and the central robot will be in the intersection of the perpendicular segment that goes through
rl and e.
– If the height is slightly less, or slightly more, than the largest edge e. Then the algorithm
infers that rl was one of the endpoint; we are in case (L1.1). The reconstruction of C is simple:
take the intersection x of the perpendicular segment that goes through rl and e, the position
of the endpoints in C is reconstructed using the fact that the hight of the triangle is exactly
half of the original segment, and that x was the center of the original segment. Robot rl is the
endpoint that moved, and the position p′ is decided evaluating if rl moved towards or away
from the old center.
• In case n > 3: The algorithm starts by examining Pm, in order to understand if rl was on the
SEC and executed the sub-case (L2.2) or (L2.3). If the test is negative it proceeds using an ‘ ‘onion
peeling” approach, in which the algorithm, starting from the outermost Pm, progressively examines
each Pj until it finds an asymmetry or it reaches P0. The onion peeling proceeds by first computing
the SEC, that is Pm, and then computing each Pj by finding progressively smaller concentric circles.
– Test for case (L2.3): This test case is done only on Pm. If the center of Pm is not contained
in SEC(C ′ \Pm−1), then the algorithm detects case (L2.3). Pm is adjusted to a new one that
has the diameter equal to the distance between the two furthest robots on Pm. Robot rl will
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be the robot on Pm that is farthest from robots in Pm−1. The reconstruction of the last layer
is done by knowing that it will be a circle with the same center of SEC(C ′ \Pm−1) that passes
through Pm \ {rl} and finally p′ will be indicated by decoding the information encoded in the
diameter of Pm.
– Test for case (L2.2): This test case is done only on Pm. If |Pm| = 3 and it is not rotationally
symmetric, and (|Pm−1| > 1 or m− 1 = 0), then the algorithm detects case (L2.2). Robot rl
is one that is not forming an angle of 2pi3 radians with any of it adjacent neighbours, position
p′ is encoded in the smallest angle that rl is forming. The original position of rl can be easily
reconstructed: it is the one that forms an angle of 2pi3 with each of its adjacent robots.
– Test for case (L2.1): This test case is done on layers different than Pm. If |Pj | = 1 then the
algorithm detects case (L2.1). Robot rl is the only robot in Pj the reconstruction and the
detection of p′ are trivial.
If the algorithm reaches P0 not finding an asymmetry then we have that rl = rc, case (C2). The
decoding is trivial: the original position of rl is the center of P1, position p
′ is the one it moved
towards. Note that the algorithm uses always robot rl to get robot p
′, in case rl 6= rc also rc
moves. However, the original position of rc is always trivial to reconstruct (the center of any Pj
with j > 0).
(a) The case of 3 robots, the central robot
moves perpendicularly to initial line, and it
will indicate the left robot as direction for the
permutation.
(b) The external robot moved and it fixed as
direction for permutation the one that goes
from the old center, blue dot, to the new one,
green dot.
(c) The exact positions of robots are easily
reconstructable: the new central robot has to
be places in the blue dot, and the left central
robot has to move to its simmetric position
with respect to the old center, the blue dot.
Figure 16: Special case n = 3 robots.
Theorem 16. There exists an universal algorithm to solve Visit-All for robots with 1 bit of persistent
memory.
Proof. We analyse the correctness of the proposed solution considering three cases:
• When the robots start in a configuration C 6∈ C: Note, that in this case all robots have bit
b set to 0. This means, that the condition dictated by the If condition at line 7 is satisfied, thus
the robots will fully execute Algorithm 2. Therefore, Visit-All will be correctly solved.
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• When the robots start in a configuration C ∈ C and n > 3. In this case, for any central
configuration reached we may alternate between two different scenario: (S1) only the central robot
moves; (S2) two robots move. Scenario (S1) happens in the first configuration, and each time
robot rl goes back to the central position. Scenario (S2) happens each time we are in a central
configuration, but rl is not the central robot. We now prove the correctness for each of the
aforementioned possibilities, and this is done by showing that robots start from a configuration
C ∈ Π(C0), they reach a configuration C ′ 6∈ C, and then again a configuration C ′′ ∈ Π(C0) that
is a cyclic permutation of C0.
– Scenario (S1), only the central robot moves. At the beginning, the robots have bit
b = 0 and the configuration is C, this implies that only the central robot rl move, see line 12
of Algorithm 6, all the robots set their bit b. The central robot rl moves of a small distance d
towards a robot p′. At the next round, the robots will se a C ′ 6∈ C, but since b = 1 they know
that they started from a central configuration, see line 18. Notice that, if rl moved of a small
distance still being inside the circle formed by the innermost robots (see as reference Figure
12) then it is simple for all robots to reconstruct the proper C by seeing C ′ and executing
the Reconstruct procedure. Therefore, they can understand that rl is the only robot that
moved and everyone appoints rl as leader, it also simple to identify the pivot robot p
′ in the
innermost circle of P1.
By using this direction, the robots compute a common cyclic order on the positions in C ′′
(see Figure 12) and everyone moves according to this order and its position in C ′′, reaching a
permutation of C ′′ ∈ Π(C), before moving, all robots but the appointed leader update their
bit b (line 24).
– Scenario (S2), only two robots move. Robots that change position are the central robot
rc (line 12 of Figure 6), and the only one that started the round with bit b = 1 that is robot
rl (line 15 of Figure 6). Before ending the round, all the robots set their bit b (line 11). The
movement of robot rl is different depending on its position. The purpose of this move is to
indicate the pivot robot p′, that rl would have chosen if it was the central robot. After rl
and c moved, we are in a configuration C ′ and all robot have bit b set, so they can remember
they were starting from a central configuration. The only item left to show is that they can
all reconstruct the central configuration I and they can all agree on robot rl being the leader.
We now show that the robots do reconstruct C starting from C ′ and thus agree on the same
cyclic order. The reconstruction is done by the procedure Reconstruct. We have to show
that for each possible case the reconstruction is correct.
∗ Reconstruction from a configuration created with move (L2.1). First of all the algorithm
cannot mistake it for cases (L2.2) and (L2.3). The correct reconstruction is immediate.
∗ Reconstruction from a configuration created with move (L2.2). The case cannot be mis-
taken for (L2.3): the SEC is concentric with the other Pj . It cannot be mistaken for case
L2.1: |Pm−1| > 1 or m− 1 = 0. The reconstruction is immediate.
∗ Reconstruction from a configuration created with move (L2.3). This case is detected
by observing that the centre of SEC is not contained in SEC(C ′ \ Pm). This happens
only when rl moved according to rule (L2.3). The Reconstruct adjusts the SEC, that
contains three robots, to a new sec Pm that has as diameter the two furthest robots on
the old SEC. Let rl and rx be the two robots on the new Pm. We argue that the distance
of this two robots is encoding the position p′. Refer to Figure 15c: robot rl moves from
the other robots up to a distance 2D+ x ∗D. By doing so, it is becoming the robot that
is furthest from all the others in C ′. It is also clear that the by removing rl and rx we
get C \ {rl, rx} (neglecting for now the central robot). The diameter D can be recovered
by taking the circle with center in SEC(C \ {rl, rx}) and passing through rx. With this
information the decoding is simple, and the reconstruction of C is immediate.
– When the robots start in a configuration C ∈ C and n = 3: In this case when the
configuration is in C the movements of the central robot and of the leader robot rl follow
special rules. Notice that all three robots lie on a segment s. Robot rl moves following case
(L2.1) if is not central. The central robot moves according to case (C2). It easy to see that
the robots reconstruct the central configuration and they correctly elect the leader, which is
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either the central robot (if it is the only robot that moved) or the external robot (if two robots
moved). It is also immediate that Visit-All is solved, since robots execute continuously the
same cyclic permutation.
Once C, p′, rl are known the robots agree on the same cyclic order and reach a new configuration
C ∈ Π(C0). An immediate induction shows that starting from the initial configuration C0 we
alternate either in scenario S1 or S2 solving Visit-All.
7 Concluding Remarks
To the best of our knowledge, this is the first investigation of the problems of permuting the positions of
a set of mobile robots in the plane. Surprisingly this class of problems seems to be more difficult than
the previously studied problems such as gathering and pattern formation, which have easy solutions for
the strongest model of fully synchronous robots with rigid movements. Thus the characterization of
solvable instances for permutation problems is quite different as shown in this paper. Moreover we also
showed that being non-oblivious is helpful for permuting robots, unlike the formation problems where
the solvability is unaffected by obliviousness [20]. The paper opens several research directions that are
worth investigating: an interesting direction would be to discover other class of problems which cannot
be solved even when it is easy to elect a leader (as the class of problems considered here). The difficulty in
solving the permutation problems seems to be unrelated to agreement problems such as leader election.
In particular we may try to study the differences between leader election and permutation problems and
determine if the latter is strictly more difficult than the former. We may also consider other interesting
assumptions that can help in overcoming the challenges for permuting robots without orientation. One
possibility is the investigation of robots with the additional capability of communicating using visible
lights [5, 7, 10].
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